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The Construction OF Eight — 


Prestressed Concrete Tanke 
By Colonel A. Raymond Mais, O.B.E., T.D. and A. C. Little 


General Requirements 


In 1950 the Ministry of Works called for competitive 
designs and estimates for eight prestressed concrete 
tanks, each tank to have a capacity of 430,000 gallons, 
with a maximum depth of liquid of 33 feet, giving an 
internal diameter of 50 ft. o in. 


Owing to the nature of the liquid to be stored in the 
tanks, it was a fundamental requirement that they 
should be impervious to liquid of a specific gravity of 
1.03, under all conditions of loading and weather. For 
this reason, it» was specified that the walls must be 
designed and constructed so as to be monolithic with the 
floors, and the usual form of sliding joint was not 
permitted. - 


The decision to use prestressed concrete in one form or 
another was due to the fact that it was considered to be a 
suitable form of construction to meet the requirement of 
watertightness. 


Although the original specification did not require the 
concrete floor to be prestressed, this was later incor- 
porated in order to guard against cracks at the joints due 
to shrinkage, temperature or differential settlement of 
the base. 


Design 


With “ fixity ’’ between the walls and floors, as with 
traditional reinforced concrete tanks, a large part of the 
load in the bottom section of the tank wall is carried by 
cantilever action instead of by direct hoop tension. This 
increases the bending moments carried by the wall, 
hence increasing the number of vertical prestressing 
cables, and reduces the hoop tension near the base, thus 
reducing the number of horizontal prestressing cables at 
this point. 

The difficulty from the design point of view with a 
“fixed ”’ joint at the base is to decide exactly how much 
Testraint the base slab offers to the wall. A cylindrical 
wall is a very stiff member compared with a circular flat 
slab, therefore the condition of full restraint may not be 
achieved. If a condition of full fixity at the base of the 
wall were adopted in the design too many vertical pre- 
stressing wires would be required. In this design 


sufficient vertical prestress was provided to allow for the | 


estimated degree of restraint at the base, and additional 
reinforcement was provided in the form of mild steel 
stirrups projecting from the floor slab into the wall, to 
take the difference between the fully fixed moment and 
the moment provided for by the vertical prestressing 
cables. Another governing factor for the amount of 
vertical prestress is the bending moment, of opposite sign 
to the “ fixed ’’ moment, which occurs higher up the wall. 
This moment, from the horizontal prestressing wires, 
tends to produce tension on the inside face and must be 
taken care of by vertical prestressing. 


*Paper to be vead hefore a Joint Meeting of the Institution of 
Structural Engineers and the Reinforced Concrete Association at 
11,- Upper Belgrave Street, London, S.W.1., on Thursday, 8th 
January, 1953, at 6 p.m. 


Another effect of the “ fixed’ joint between the wall 
and the floor is the transfer of prestress from one to the 
other. If the floor cables are stressed first then, due to 
the elastic shortening of the floor slab, the lower few feet 
of the wall are also partially prestressed. This loss of 
prestress is practically negligible if contraction gaps in 
the wall are left open until after the floor is prestressed. 
But, since the floor is prestressed before the wall, 
contraction gaps cannot be left open in the floor, and 
therefore, while horizontally prestressing the wall, there 
is bound to be a loss of prestress from the wall into the 
floor. The radial shortening due to horizontal stressing 
of the wall is greater than that due to stressing the floor 
and, in these tanks, the loss of prestress from the walls 
into the floor was compensated for by adding extra 
horizontal cables near the base of the wall. 


It should be noted that in a prestressed, or reinforced 
concrete, tank with a “ fixed ”’ joint at the base, cracking 
is most likely to occur horizontally near the bottom of the 
wall—in theory, along the junction of the wall and base. 
But in practice, partly because of the upstand and partly 
because of the neglected tensile strength of concrete, it is 
most likely to occur along the lowest horizontal con- 
struction joint in the wall where the tensile strength of 
the concrete is very much reduced, particularly if this 
joint is within 1 ft. o in. of the floor. 


The advantage of a prestressed tank is that the ten- 
dency to crack is greatest before the tank is filled. The 
moment at the base caused by the horizontal prestressing 
cables is greater than the moment, of opposite sign, due 
to the liquid loads (under full liquid load there is still 
150 lb. per sq. in. residual prestress). This moment from 
the horizontal prestressing cables tends to produce 
tension on the outside and compression on the inside face 
near the base of the wall and the liquid loads.only reduce 
the tension and compression but do not reverse them. 
Thus, the liquid face is always under compression. The 
prestressed tank thus undergoes its severest test before 
the liquid load is ever applied. 


Concrete Stresses 
(Ib./sq. in.) 


The following stresses assume that all the usual losses 
of prestress have taken place :— 


Tank Empty Tank Full 


Hoop compression 630 (near base) 150 (minimum 


in wall 225 (near top) residual. 
near base) 
225 (do. near top) . 
Vertical com- 425 max. 425 max. 
pression in wall 50 min, 290 min. 
Compression in 300 max. 300 max. 
base slab 30 min. 200 min. 


The figures given for the residual prestress when the 
tank is full, in the wall (vertical), and the base slab, 
depend entirely on the degree of fixity provided at the 
junction. This is indeterminate and the figures given 


, 


(2 pt. stressing) 


255 rites 


for residual prestress are based on the estimated degree 
of restraint used throughout the calculations. 

Theoretically, if Young’s Modulus for the ‘concrete is 
4 108 lb. per sq. in. :— 


Due to vertical prestress, shortening of wall height 


425 420 
= x —— = 0.045 in. 
4 Xx 108 I 


Due to prestress in floor, radial contraction of base slab 


300 330 | 
SS eS >< ieee 0,025 in. 
AeiTo® I 


Due to horizontal prestress, radial contraction 


630 309 
= xX ——— = 0.049 in. 
4 x 108 I 


_ These figures will tend to increase due to creep and 


shrinkage under the prestressing load. 


Wire Stresses 


It may be seen from the above that the strains in- 
volved in the concrete are very small and hence the wire 
stresses will vary very little between the “‘ tank empty ” 
and “tank full’’ conditions—actually less than 3 per 
cent. Consequently, the wire stresses which matter are 
the anchoring stresses and the residual stresses with the 
tank empty after all losses have taken place. With the 
tank full, the wire stresses will be up to 3 per cent. 


- greater than these residual stresses. 


Anchoring Stress. Residual Stress. 
Ib/ins. sq. Ib./ins sq. 
Vertical cables 130,000 114,000 
Floor cables 130,000 I14,000 


Horizontal cables 
130,000 (at sandwich plate) 


100,000 87,000 
(mean stress) (mean stress) 
- Horizontal cables 79,000 68,000 


(r pt. stressing) (mean stress) (mean stress) 


General Description of Tanks 
The form of construction decided upon was as follows. 


’ The tank base was of prestressed concrete ro in. thick, 


-long (see Fig. 2): 


increased to 2 ft. o in. round the periphery. In plan it 
was roughly in the form of an octagon on axes 56 ft o in. 
The prestressing cables were arranged 
to run right through the tank base in two directions at 
right angles, those in one direction running through the 
middle of the ro in. slab, and the remainder at right 


- angles running alternately above and below the cables in 


the first layer. The cables in the base each consisted of 
eight wires 0.276 in. diameter, and were spaced at 
approximately I ft. 5 in. centres in each direction, the 


_ layout being completely symmetrical (see Figs. 2 and 5). 


The tank walls were g in. thick, and 34 ft. 7 in. high, 
with a ring beam 1 ft. 3 in. deep and 1 ft. 6 in. wide at the 
top to carry the thrust from the domed roof. Pre- 


_ stressing was imparted by means of vertical cables, each 


of eight wires 0.276 in. diameter passing through the 
centre of the walls at 1 ft. 3 in. intervals and anchored in 


_ the tank base, together with circumferential cables, 


again with eight wires each, passing round the outside of 
the tank at vertical spacing varying from 15 in. at the top 


; of the walls to 6 in. at the base. 


The domed roof was constructed of R.S.J.s, curved in 


elevation and cased in concrete, carrying precast concrete 
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units, over which a concrete ease was laid. (see ee. Th 
and 4). ‘ . 


Planning I 


In the planning stage, some anxiety was felt over the 
possibility of leaks through cracks caused by shrinkage 
contraction of the concrete, both in the walls and the base. — 

Theoretically the prestressing should close these — 
cracks, although at the same time this would reduce the 
residual stress in the concrete, but it was felt that any ~ 
cracking was undesirable in these tanks even if it were — 
subsequently eliminated by stresses. It was finally ~ 
decided to adopt the following measures. The base was 
divided into four quadrants, each concreted in as short a ~ 
time as possible, a period of at least three clear days © 
being allowed to elapse between placing concrete in~ 
adjacent quadrants. 

The walls were concreted in 3 ft. 3 in. lifts, and four © 
gaps g in. wide were left at points 90 degrees apart, for © 
the entire height of the wall, and straddling the joints — 
between the quadrants in the base. These gaps were | 
filled later, each lift of the construction’ gap being filled 
not less than ten days after the corresponding lift of the 
main wall. 

These gaps introduced many constructional diffi- 
culties and, as they subsequently proved to be the only — 
real weaknesses in the tanks, they were eventually 
omitted, and in the last three tanks each lift was carried ~ 
out as a continuous process, and proved erineue satis- 
factory in every respect. 

Owing to the dry concrete necessary to meet require- q 
ments of strength, considerable thought was given to 
satisfactory methods of compaction. A 20 ft. 0 in. 
square ‘“‘ mock-up” of the base slab was constructed, 
complete with rubber cores and B.R.C. fabric, and was 
concreted using various methods of vibration—e‘g., 
immersion vibrators, of different types, pan vibrators, 
and a vibrating screed. It was found that the most 
efficient compaction was obtained by using an electric 
immersion vibrator with a short 3 in. diameter head, and | 
finishing off with a vibrating screed. The latter was 
made up on the site, consisting of a 16 ft. o in. length of 
5inoogin, KRooees with raised ““bicycle”’ type handlebars 
at each end, and carrying two Sinex vibrators. This | 
imparted a very satisfactory finish to the concrete sur-' 
face, in addition to compacting the top few inches of the 
slab. 

On the question of compaction of concrete in the walls, 
it was found that two schools of thought existed, one | 
favouring the use of Sinex vibrators clamped to the 
shutters, the other favouring immersion vibrators. It) 
was finally decided to use the latter method, partly owing 
to the large number of Sinex vibrators required and the 
high initial cost—whereas the number of immersion 
vibtators required was small by comparison, and avail- 
able from stock—and partly because it was felt tha 
there was a possibility of shutters slipping after being” 
fixed if external vibrators were mounted on them, and 
that the lift of the shutters would be reduced. It was” 
realised that the use of immersion vibrators would re- 
quire very careful supervision of the labour handling the’ 
tools to ensure adequate compaction, and this was- 
accepted. As a matter of interest, it was found on 
completion of the job that in only one small section of the 
wall, approximately 9 in. square, was there any evidence} 
of insufficient compaction of the concrete, and on further} 
investigation, it was found that this section of the che 
had been carried out by a “‘scratch”’ concrete gang 
working during a holiday period. 

Owing to the requirement that the tank walls should 
be monolithic with the base, the lower ends of the vertic 
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cables had to be anchored inthe base slab, and a duct 
formed round the cable, which was already in position, 
whilst the tank base and walls were being concreted. It 
was decided to form this duct by means of a length of 
2 in. O.D. steel scaffold tube, which could be well greased 
before concreting, and then lifted whilst the concrete was 
still green. It was necessary that the end of this tube 
should always be well down into the previous lift, in 
order to stop grout running down the cable duct and 
building up at the bottom. The tubes—128 per tank— 
were, therefore, made 6 ft. 0 in. long, to allow for 1 ft. o in. 
in the previous lift, 3 ft. 3 in. in the current lift, and 
I ft. g in. protruding from the top; this latter was more 
than was actually necessary for gripping and lifting the 
tubes, but was provided to ensure that the mouth of the 
tube was well clear of the concreting operation. In 
practice, keeping these cable ducts clear, so that sub- 
sequent grouting could be carried out successfully from 
the bottom, was a very real problem, necessitating 
‘ constant attention. 

The holes for the cables in the tank base were to be 
~ formed by the normal Magnel-Blaton extractable rubber 
core, in this case of 2 in. square section. This was 
stiffened by means of a 1 in. diameter M.S. rod passed 
through the central hole, after being well greased with 
Shell F.21 grease. 

It was necessary that the perimeter of the base should 
be formed in a series of steps in plan, in order to form a 
flat surface normal to the C.L. of the cable, against which 
the sandwich plate could be placed. Some care. was 
necessary over planning these steps, as the dimension A 
(see Fig. 2) could not be less than 8 in. in order that 
there would be sufficient room for the jack, and the 
dimension B could not be less than 5 in. to ensure that 
the outside leg of the sandwich plate had adequate 
bearing. 


Concrete—Mix and Placing 


The mix specified was a nominal 1:14:3 by weight and 
it was originally required that proportioning should be by 
weight. However, a series of tests carried out by the site 
laboratory established that the bulking of the sand in use 
did not vary appreciably from a value of 23 per cent. 
between values of moisture contents ranging from 2 per 
cent. to 10 per cent. by weight and it was, therefore, 
agreed to use volume batching. The stone used was 
Northumberland Whinstone and the sand was of local 

origin. The average wet density of the concrete obtained 
was about 161 lb. per cu. ft. 

The water-cement ratio of the concrete was specified 
as 0.45, due allowance being made for moisture in the 
aggregates, which were tested every morning before 

starting work, and again during the day if weather 
conditions changed appreciably. 

A 10/7 Liner Cumflow mixer was used. In this respect, 
a series of tests had been carried out on both a normal 

_ type drum mixer, and one specially adapted for the pur- 
pose, but they were found to be inferior to the open pan 
type for handling the dry concrete. The calculated 
quantity of water was weighed out on a spring balance 
and added directly to the dry aggregates in the pan after 
they had been thoroughly mixed. For this purpose, a 
scaffold platform was erected beside the mixer, and from 


~ this platform, the cement also was discharged directly 


from the bag into the pan of the mixer. 

_, The care taken in producing this concrete was amply 
rewarded by the resulting cube tests. It was specified 
that the compressive strength of the concrete should be 
‘not less than 5,000 Ib. per sq. in. after 28 days, and in 
practice it was found that this strength was almost 
- myariably exceeded after seven days, with a 28-day 


- amaximum of 11,700 Ib. 


yy = 


The Structural Engineer — 


strength of between 7,000 and 8,000 lb. per sq. in. These | 
test cubes were hand tamped, and cured on the site in the _ 


~ 


open, under a single layer of hessian. Using the same 
materials with a water cement ratio of 0.42, and with 
cubes made on a vibrating table, but also cured in the 
open, a cube strength of 10,000 Ib. per sq, in. was con-— 
sistently obtained at 18 days, with 28-day results reaching 


It is worthy of note that concrete of this consistency is 
not easy to handle; it is very “ sticky,’”’ being too wet to ~ 
roll, and too dry to flow, down a chute or out of a hopper 
or skip. Conversely, it can be piled very high in a 
barrow ! ‘ 


Preparations of Foundations 


The design required foundations capable of bearing 
2 tons per sq. ft. The general oversite excavations — 
showed several large patches of bad ground, which were — 
removed and back filled with mass concrete, and it was — 
finally decided to form a mass concrete foundation slab ~ 
over the whole site. On this slab “were formed the 
circular upstands to fill up underneath the ro in. tank 
base slab, inside the toe. Provision was made for the 
small, but definite, contraction of the tank base on stress- 
ing, by floating off the area of the foundation slab under — 
the tank base, and then coating it with bituminous 
emulsion. In addition, an expansion joint was formed in © 
the upstand with Flexcell boarding, thus leaving the 
annular prism surrounding the upstand free to give just a_ 
little as shown in Fig. 5. 


Construction of the Base 


(a) Vertical Cables. The requirement that the tank 
walls should be monolithic with the base meant that the 
128 vertical wall cables, each of-eight wires, had to be in 
position before any concrete could be placed in the base. — 
The first operation was, therefore, to erect a scaffold some — 
40 ft. o in. high round the perimeter of the tank, its | 
standards carefully spaced to avoid the steps of the base, 
and also to be clear of the lines of the base cables in both 
directions, in order that they should not foul the jacks — 
whilst the base was being stressed. This was planned on 
a large scale drawing, and the positions of the standards. 
painted on the foundation slab. Cantilever brackets 
were spurred out from the top of the scaffold to carry a 
circular timber profile running right round the job, from 
which were suspended the vertical cables, to pass through 
the centre of the wall. 

The position of each of these vertical cables had also— 
been painted on the foundation slab, as they had to be 
accurately located to clear the 16 points of support of the 
roof girders. This was subsequently simplified by | 
making the sections of the timber profile equal in | 
length to the distance between the roof points, and cutting | 
the housings for the cables at their correct spacing | 
between these points. By this method, it was only — 
necessary to mark out the roof points on the base, and | 
plumb up from these points to fix the profile sections. 

(b) Rubber Cores. It was originally intended to set up 
the rubber cores in two opposite quadrants of the base at _ 
once, and then to withdraw them into the other two 
quadrants. This, however, proved to be very difficult in 
practice, owing to the necessity of guiding the towing 
rope, the core being extracted, through the wall-starter 
links, spaced at 44 in. centres, and to the fact that, as it 
was not possible to extract the rubber core complete with | 
its steel stiffener, the steel rod had to be withdrawn, and § 
then later replaced when the core was in its new position. § 
This scheme was, therefore, abandoned after the first 
base had been constructed, and in the remaining tanks. 
the whole of the rubber core was set in position before any 
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joncrete was placed. As the lengths of rubber core 
btainable were not sufficient to stretch right through 
he base, except at the sides, it was necessary to join two 
¢ngths together, which was done by means of a sleeve or 

gaine”’ of 22 g. metal, 18 in. long, fitting tightly over 
he junction of the two sections of core, with the steel rod 
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of one core protruding about 1 ft. o in. into the end of the 
other, to stiffen the joint. The layout was so arranged 
that these sleeves lay completely within the two opposite 
quadrants which were to be concreted first, in order that 
immediately the concrete had hardened the cores could 
be withdrawn from those quadrants, leaving the sleeves, 
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with the end of the cores from the two remaining quad- 
rants protruding into them, inside the concrete, and thus 
forming a grout-tight joint (see Fig. 2). 

Thin metal shims 4 in. square were placed between the 
rubber cores at every junction. This was to prevent the 
grout from one cable duct running into others at the 
junctions, and causing a blockage. Immediately prior 
to concreting, the cores were well greased with Shell 
F.21. grease, in order to facilitate withdrawal. 

(c) Grouting Holes. The grout holes leading to the 
cable ducts were formed by 1 in. diameter lengths of 
MS. rod, with one end cut at 45 degrees. Those leading to 
the floor cables were supported by timber brackets 
carried on the external shutters, and those feeding the 
vertical cable ducts were fixed in holes drilled through 
the external upstand shutter. Where they joined the 
cable duct, they were housed into a sleeve made up on 
site from 22 g. metal. The sleeve was also found to be a 
satisfactory method of forming the junction between the 
circular section of the scaffold tube and the rectangular 
section of the bottom cable grille. 

The chamfered end of the rod was pushed hard against 
the wire, and the hole through which it was passed into 
the sleeve was sealed with Denso tape. It was, of 
course, necessary that this sleeve should be grout-tight, 

and the grille itself was well buttered up with a cement- 
sand mortar to ensure that no grout should well up 
through it and thus block the grout-hole. The 1 in. rods 
were well greased, and withdrawn immediately the 
initial set had taken place. 

(d) Concreting Bays. It was not thought advisable to 
try to concrete a base quadrant in one operation, using 
stop ends to be removed as the work proceeded, and it 
was finally decided to divide the operation into a two- 
day task, each operation comprising an external section 
together with the wall upstand, and an internal section 
(see Fig. 2). 

These two sections were to be concreted with the 
shortest possible time interval, the construction joint 
being well roughened, grouted, etc. 

Any form of radial stop-end shutter was dismissed as 
being too. wasteful in labour and timber, and all such 
shutters were made to cross the rubber cores at right 
angles. 

(e) Sequence of work. While the external scaffold was 
being erected, the external base shutter and the majority 
of the reinforcement to the base, including the starter 
bars to the wall, were fixed. The vertical cables were 
then hung in position, the base reinforcement being 
adjustéd slightly where it prevented a cable from hanging 
in its correct position. It was found better to do this 
than to hang the cables first, and then to try to fix the 
reinforcement round them. The rubber cores were then 
set in position and jointed by means of the metal sleeves, 
the remainder of the M.S. reinforcement then being fixed. 
The internal stop-end, and the shutters to the wall up- 
stand were then fixed, together with the top mat of B.R.C. 
The final tasks were to fix the grout tubes to the hori- 
zontal and vertical cables, to place the shims between 

‘rubber cores at the junctions, and then, just before 
concreting, to coat the rubber core with Shell F.21. 
grease. 

Barrow runs were laid on the g in. x 3 in. bearers 
which carried the upstand shutters, and the concrete was 
tipped straight from the barrows into the base, consoli- 
dated by immersion vibrators, and finished off with the 
vibrating screed as described previously. 


Using three Allam electric immersion vibrators, the 


maximum satisfactory rate of placing the concrete was 


34 y.c. per hour. When concreting was finished, the slab 
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was covered with hessian, auch was kept wet, to assist 
curing, and then as soon as possible after concreting, the: 
stop-end shutters were removed and the face of the green 
concrete well hacked, scarified, and cleaned off. 


The rubber cores forming the cable ducts in the floors. 
were then removed by the night shift at a minimum 
period of four hours after concreting had been completed. 
Various methods of winching were tried for removing 
these cores, but it was found most expeditious to attach 
the ends, gripped in a Post Office cable stocking, to a 
small-wheeled tractor, which then moved away slowly 
and steadily, withdrawing the rubber core in the process. 
Little or no damage resulted to the core as a result of this | 
somewhat rough and ready method. 


Construction of Walls 


Purpose-made timber shutters were used, consisting of 
1} in. boards mounted on walings of 6 in. x 3 in. section” 
cut to the necessary radius. The panels were 3 ft. 9 in. 
deep, 4 ft. 4 in. long, and faced with 24 g, sheet metal. 
Forty uses were obtained from these panels which were 


then resheeted and used another 40 times on other work. 


It was quickly found advantageous to bolt these 
shutters together in pairs. This facilitated setting, gave 
greater rigidity when erected, and reduced the time of 
striking and refixing. Clamps were used for fixing the 
shutters in position and proved most satisfactory. 


Prior to concreting a lift of the walls, the surface of the 
previous lift was thoroughly cleaned and wetted, and 
covered to a depth of about 1 in. with a dry 1:14 cement- 
sand mortar, which was well rammed home. The con-— 
crete was then placed in layers of about a foot, and 
continuously vibrated by means of Allam electric’ 
vibrators; the average rate of placing was approximately 
3 y.c. per hour, t.e. about 44 hours per lift. 


It was found that to cope successfully with the prob- 
lem of freeing and lifting the scaffold tube sleeves forming 
the vertical ducts through the walls, a definite technique 
was required, and a special gang was formed for this 
task alone. | 


As soon as concreting was finished one man moved 
round the walls scraping away the top 1 in. of the still 
green concrete. He was followed by another man with a 
high pressure water jet, who washed the surface of the. 
construction joint. This washed away the fines, leaving” 
an admirably ragged surface in which each piece of stone _ 
had its lower part firmly embedded in the parent con-_ 
crete, and its upper part washed clean and protruding 
from the surface, ready to receive the mortar pre- 
paratory to the placing of the next lift. 


While this was going on, the remainder of the gang 
were moving round the perimeter, twisting the tubes to. 
break the bond, and then lifting each one about 6 in. to” 
free it completely. This operation had to be carried out 
between fairly rigid time limits, as all of the 128 tubes had 
to be treated thus during a period of approximately one 
hour, after the concrete had gone off sufficiently to main- 
tain the true shape of the duct when the tube was lifted, 
and before it had set so firmly as to grip the tube tightly, 
and prevent its easy withdrawal. It was found that 
weather conditions had a very great effect on these time 
limits. When all the tubes had been freed thus, they were 
lifted, scraped clean, greased, and reset for the next lift. 


The vertical joints at the contraction gaps were 
treated in the same way as the horizontal construction 
joints; the shutters were removed as soon as possible 
after placing the lift, and the exposed face of green con- 
crete was scarified and treated with the water jet. The 
contraction gaps were then filled in lifts, each lift beme 
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aced not less than ten days after the corresponding lift 
‘the main wall. 


_ Stressing 


All stressing was carried out on the Magnel-Blaton 
vstem, using 0.276 in. high tensile steel wire, of 100-110 


er square inch 0.1 per cent. proof stress. This was 
sceived direct from the manufacturers in coils of 8 ft. oin. 
iameter, weighing about 3 cwt. each, and the stressing 
ables were made up on site. 

(a) Horizontal Cables. The base cables were straight- 
ywward eight wire cables, with spacing grilles at approxi- 
iately 6 ft. o in. centres and varying in length to suit the 
articular section of the base which they were to occupy. 
t was found that a cable could easily be pushed into 
osition from. one end of its duct, without the necessity 
f a lead wire or any form of special nose. 

Normal Magnel-Blaton jacks were used, and the stress- 
ag was perfectly straightforward, with very little slip 
ccurring on the wires as the load was released. 

The extension of the wires on stressing varied from 
_}"/,, in. on the shortest cables, 25 ft. oin. long, to 3/,,in. on 

he largest cables, which were 59 ft. 0 in. long. 
| (b) Vertical Cables. These were made up from four 
jong wires, each with a 180-degree bend at its mid point, 
vhere passing round the 13 in. anchor bar. 

The end of each wire was then passed successively 
hrough the lower grille, the tube used to form the cable 
luct, and the upper grille (Figs. 4 and 5), forming in 
ffect an eight-wire cable. Since the lower end of the 
‘able was concreted into the base to a depth of 1 ft. 5 in. 
o form an anchorage, it was necessary that the cable 
fuct should start from this level, which was, in fact, 
yelow the top of the base slab. As the vertical core 
Jormer could not be pushed down hard against the lower 
mille, owing to the change from square to circular 
section, a junction sleeve was made up on site from 22 g. 
netal, and, as shown earlier, the r in. diameter rod used 
‘or forming the grout hole leading to the base of the cable 
was passed through this sleeve. 

The normal type jacks were used, in a vertical position, 
and no difficulty was experienced in stressing these 
tables. The extension of the wires was about 2} in., ina 
cable approximately 36 ft. o in. long. 

(c) Circumferential Cables. Four wire cables were 
first made up, their length being sufficient either to pass 
right round the outside of the tank walls, or half way 
round, depending on whether they were to be used for 
single-point or two-point stressing. 

The finished cable was to consist of eight wires, so the 
four-wire cables were therefore made up in such a fashion 
that when combined they formed a flat eight-wire cable. 

Cable 1 was first placed in position and stressed, then 
cable 2 placed over it and stressed in its turn. Small 
clips of 18 g. strip spaced at approximately Io ft. o in. 
centres were used for binding the cable. 

For supporting the cables in position on the tank walls 
prior to stressing, hangers were made up from 20 g. strip. 
These were hung from rawlbolts set into the top of the 
wall, and were notched at the correct pitch to carry the 
cables. Cable one was placed in the notch, and cable 
two was then later hung from its top pair of wires, which 
were placed in the notch above cable one. 

Single point stressing was used for the majority of the 
cables, and consisted, in effect, of pulling the two ends of 
the same cable apart. The extension obtained on a 
cable 160 ft. o in. long was about 5% in. dependent on the 
friction between the cable and the surface of the tank 
wall. It was found that if members of the stressing gang 


ms per square inch. ultimate strength, and 70-80 tons - 
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moved along the cable, whilst the tension was being 


applied, tapping it with club hammers, the extension was 
noticeably increased, and this procedure was, in fact, 
adopted as a routine drill. A small pneumatic vibrator 
clamped on to the wires was tried out in an effort to 
overcome this problem of frictional resistance, but was 
not successful owing to its lightness. 

Two-point stressing was used. on the ring beam, and 
near the base of the walls, where it was necessary to 
ensure a more even distribution of the prestressing force. 
In this method, two jacks were used, both working at 
diametrically opposed points of the tank, on the same 
cable which only passed half way round the perimeter of 
the tank. 

In order to achieve the most satisfactory conditions of 
tensioning, the aim was to obtain similar extensions at 
each jack, and this necessitated careful work on the part 
of the stressing gangs to ensure that the load was taken 
up equally on the two jacks. Since the jacks were 
diametrically opposite each other, field telephones were 
provided for intercommunication between the two gangs, 
and were found to be most effective. 

The technique of tapping the wires during stressing 
was also employed, but was less necessary, owing to the 
shorter length of cable being tensioned. The average 
extension obtained on a pair of cables, together 160 ft. 0 in. 
long was about 7? in. 

Stressing points on successive cables were staggered in 
plan, to assist in obtaining an even distribution of stress 
round the perimeter of the tank and in order to avoid too 
sudden a loading. All of the type 1 4-wire cables were 
fixed and stressed before the type 2 cables were fixed, 
with the exception of the ring beam, on which both 
cables were stressed first of all to take up the thrust of the 
roof joists. 

A special jack carrying two strongbacks was used. One 
strongback was fixed to the jack frame, and the others, 
mounted on the ram of a hydraulic cylinder, moved away 
from the former as the load was applied by means of a 
normal hydraulic pump. The jack was hung by chain 
blocks from scaffold cross trees fixed close to the tank 
wall, so that it could be easily raised or lowered. 

(d) Quantities. The quantities of steel used in each 
tank were as follows :— 


Mild Steel Reinforcement 
10.1 tons (excluding tank roof) 


High Tensile Steel Wire 
Base Cables 3.05 tons 
Vertical wall cables 3.052 45 
Horizontal wall cables 6555. 5) 
Total per tank 13.25 tons 
Grouting 


In order to provide permanent protection for the 
stressing cables, the vertical and horizontal cable ducts 
were grouted up as soon as possible after stressing. 

The grout used was made up from equal parts of 
cement and sand, with sufficient water to give a w/c 
ratio of 0.45. It was mixed in a Colcrete grouting pan, 
which gave a very smooth and consistent colloidal grout. 

The grout for the floor cables was led in through the 
sloping hole at one end of the cable duct, using the corres- 
ponding hole at the other end as an air escape. The 
apertures round the sandwich plates were first buttered 
up with mortar to prevent an excessive loss of grout. 

The cable ducts in the lower of the three layers in the 
base were grouted first, then the central layer, and finally 
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the top layer. This was to ensure that, if one of the 
shims separating the ducts had become misplaced, there 
would be less likelihood of a grout leakage from one duct 
to another causing a permanent blockage. 


It was found that the Colcrete mixer itself delivered 
the grout under sufficient pressure to force it through 
each floor. duct in one continuous operation. 


The grouting of the vertical wall cables was carried out 
from the sloping grout hole formed at the base of the 
cable. In this case, it was found necessary. to lift the 
Colcrete mixer up on to the scaffold, with a longer delivery 
hose leading down to the base of the wall. In order to 
ensure that the grout did not run out again when the 
delivery nozzle was withdrawn from the grouting hole, 
the following device was adopted :— 


An 18 in. length of rubber hose was wired securely at 
one end on to a 12 in. length of 1 in. water barrel. The 
other end of the water barrel was then thrust into the 
sloping grout hole and packed in position with mortar. 
About two dozen of these were fixed in position before 
grouting was commenced. The nozzle on the delivery 
hose of the Colcrete mixer was inserted into the free end 
of the rubber hose, and fixed with a Jubilee clip, and the 
delivery valve was opened until grout appeared out of the 
top of.the cable duct. The delivery valve was then 
closed, and the rubber hose bent double and wired in 
that position. This effectively cut off the flow of 
the grout, and the nozzle of the mixer could then be 
withdrawn and passed on to the next cable duct. After 
about an hour, the grout had hardened sufficiently for 
the lengths of barrel and hose to be withdrawn, and the 
grout remaining in these was easily dislodged by rodding 
and tapping. 

The grouting was an arduous and dirty task, and it was 
necessary to equip the grouting gang completely with 
oilskin suits, sou’westers, boots and goggles. There is no 
doubt, however, that they considered themselves amply 
rewarded when, on one occasion, the delivery hose burst, 
and the general foreman was covered from head to foot 
inarich creamy grout. 


Final protection to the sandwich plates anchoring the 
floor and vertical wall cables was effected by encasing 
them in concrete. A coping was cast on the top of the 
tank wall, to cover the vertical sandwich plates, and a 
casing 8 in. thick was cast round the tank base to cover 
the horizontal plates. (Figs. 4 and 5.) 


Gunite 


The horizontal prestressing wires and sandwich plates 
were protected by coating the whole of the outside sur- 
face of the tank with a 14 in. layer of Gunite. This was 
applied whilst the tank was full of water, in order to 
ensure that no cracking of the coat occurred on sub- 
sequent filling. 


4in. x 4in. x 10g B.R.C. fabric was placed all round 
the outside of the tank wall, and fixed with tie wires to 
the horizontal prestressing cables. The gunite, which 
consisted of 1:3 mortar of cement and sharp sand, was 
then applied in two coats. 


Filling and Testing 


After all stressing had been completed, the tanks were 
filled and tested. The initial filling was carried out in 
stages in order to distribute gradually the strains in the 
concrete and prestressing wires. Water was pumped in 
to a height of 12 ft. 0 in., at a rate of 1 ft. per hour, and 
the tank was allowed to stand for six hours. The level 
was then raised a further 12 ft. 0 in.,.at the same rate of 
filling, and allowed to stand for another six hours; after 
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which filling was corned to the final working level 
of 33 ft. oin. eo 


Throughout the eight tants no serious leaks occurred, 
but it_was found that on the first five tanks, each of 
which had been constructed with the vertical con- 
traction gaps in the walls, damp patches occurred up the 
joints between these gaps and the wall proper. The 
damp patches varied in degree from some which were 
only visible under dry weather conditions to some in 
which a small seepage of moisture was actually noticeable 


on the outside of the wall. | 


A few similar damp patches also occurred on some of 
the horizontal construction joints between lifts on the 
first two tanks. 


In all cases where there was any evidence of dampness 
or moisture on the outside face of the wall the tank was 
drained, and a patch put over the corresponding area of 
inside face. This was done by hacking the area to a 
depth of about I in., to leave a thoroughly clean and well- 
roughened surface, and then applying a_three-coat 
rendering of Sika, and it was found on retesting to be 
effective in every case. 


The last three tanks, in which each lift had been con- 
structed as a full circle with no gaps, required no remedial 
work whatever—+.e., the g in. concrete walls were com- 
pletely impervious to water under a head of 33 ft. 0 in. 


Roof Construction 


The Ministry specified that the roof should be a dome 
with a minimum thickness of 5 in. designed for a super- 
imposed load of 30 lb./sq. ft. 


The roofs could have been constructed in the orthodox 
manner with timber shuttering. This would have de- 
layed the roof construction by-several weeks as scaffold- 
ing and shuttering to the roof of each tank could not have 
been commenced until after the tanks had been tested. 
Furthermore, a considerable amount of timber would 
have been required owing to the limited time allowed for 
erection and the waste which is inevitable in circular 
cutting of timbers to shutter such curved surfaces. 


As a precast concrete manufacturing yard was avail- 
able, it was decided to form the roof with light precast 
concrete channel units supported on 16 6 in. « 44 in. 
R.S.J.s curved to the shape of the dome and meeting at a 
central crown ring like the ribs of an umbrella. In this 
way it was possible to eliminate complicated and expen- 
sive shuttering and to cast and mature the roof units 
during the construction of the walls. 


Whilst erecting the steel roof joists, the crown ring was 
carried on a central scaffold tower; the joists were not 
fitted into position until the vertical stressing of the tank 
wall and the circumferential stressing of the cables on the 
ring beam had been completed, and not until all circum- 
ferential stressing had been completed was the central 
scaffold tower removed, and the thrust from the root 
joists transferred to the walls. 


In conclusion we would like to express our appre- 
ciation of the help, assistance and guidance, both during 
the construction of these tanks and during the prepar- 
ation of the paper, which we received from the under- 
mentioned :— 

Sir Charles’ J. Mole, M.V.0O., O.B.E.; F.R.LBA} 
Director General of the Ministry of Works; E. H. Bate 
Esq., M.B.E., M.C., A.M.I.C.E., Chief Site Control 
Engineer of the Ministry of Works. and the following 
members of Messrs. Stressed Concrete Design Limited; 
J.i- *Singletom® "Green, Esq. li MiSci ae As Mi lees 
A.M.I.Mech.E., M.L.Struct.E., J. W. Ager, Esq., B.E., 
A.M.I.C.E., Assoc.M.A.S.C.E.; R. F. T. Kingsbury, Esq: 


Electricity Generating Stations* 
By B. A. E. Hiley, M.I.C.E., M.L.Struct.E.(Member of Council) 


A consideration of the development of electrical power production, tracing the history of generating 
stations from the earliest to the new Uskmouth 360,000 kW Station which is fully described 


Synopsis 

In this paper it is intended to survey generally the 
itory and development of the power station industry 
ich began in 1831 with a few simple discoveries and in 
relatively short space of time became one of the 
imary factors in all spheres of modern life and perhaps 
2 greatest single source of motive power, industria] and 
mestic. It is a tribute 'to all those who have shared in 
ilding up so great an enterprise that practically all 
sential processes have made themselves dependent 
ion electrical energy. There is hardly a corner of the 
orld so remote as not to have come under its influence. 
igineers can look back on the glory of past achieve- 
ants with pride, and forward with confidence to the 
nost superhuman efficiency of the first atomic station. 
skmouth Station, with many others now building, is a 
od example of the extent to which practice has 
llowed theory in our own day. 


Introductory 


Micha@l Faraday .discovered mechanical means of 
oducing electricity in the year 1831. This was 
llowed by other discoveries such as Wheatstone and 
joke’s electro magnets in 1845, Grammes ring wound 
matures in 1870 and so on. In other words, a dynamo 
as created, but efficient mechanical means for driving 


his had still to be found. Helped by Savery & New- 
ommen’s experiments, James Watt and his partner 
solton produced a steam engine provided with a con- 
lenser and steam jacket at his Soho Works, Handsworth, 
ear Birmingham. Watt’s first practical steam engine 


*Paper to be read before a meeting of the Institution of Structural 
ingineers at 11, Upper Belgrave Street, London, | S.W.1, on 
hursday, January 22nd, 1953, at 6 p.m. 
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was installed at the Broseley Ironworks in Shropshire in 
1776. Agricultural machine manufacturers adopted the 
idea and such firms as Clayton & Shuttleworth, Fowler, 
Ransome, Sims & Head and Rodney produced steam 
engines of the portable or semi-portable type, whose 
successors are still found up and down the land at 
country fairs. The world-known firm of Babcock & 
Wilcox were also early in the field—indeed they in- 
stalled the steam plant at the Holborn Viaduct Station, 
claimed to be the first steam station in this country, if 
not in the world, in the year 1882. 


The third component required was lamps. Earlier 
lighting was by Arc lamps but the incandescent lamp 
came with Edison and Swan’s inventions in the year 
1880. 


These early stations were used solely to provide 
electric light and were small, and installed in wooden huts 
or houses. Records show that it was at lighthouses such as 
Blackwall (1857), South Foreland (1858) and others until 
the year 1871 that these plants were first used. Some 
years later, in 1878, a French firm lit the Place de 
Opera, Paris. The Gaiety Theatre, London, was 
illuminated the same year. The Metropolitan Board of 
Works took an interest and employed a firm to light the 
Thames Embankment, an area outside the Mansion 
House, Billingsgate, and the river front between 
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Fig. 1.—Geo-thermic power station—Larderello No. 3—Tuscany, Italy 


Waterloo and Westminster Bridges. Again, THE TIMES 
office had lighting installed as also Schoolbreds, Wool- 
wich Arsenal and the London Bridge terminus of the 
L.B. & S.C, Railway. The provinces were not far behind. 
Plant was installed at Glasgow, Perth, Bristol, Newport 
(Mon.), Avonmouth, Liverpool, Blackpool and many 
other places, but it is difficult to find their chronological 
order, ; .: ' 


nde) 

From the structural point of view it is worth recording 
that a contractor engaged on the construction of the 
great steel bridge spanning the Severn at Lydney used 
electricity to facilitate his work. Thus, even at this 
early date, a progressive contractor had his eye on new 
plant to aid his daily tasks. ‘ 


Types of Stations 
The sources of power used as prime movers in pro- 
ducing electricity are numerous. Coal, water, geo- 
thermic power (7.e., energy taken from the depths of the 
earth), oil, peat, wind, sewage gas have all found a place 
in the electrical age. Now we may confidently look for- 


ward to gas turbines and atomic power. 


Hydro-Electric 


Hydro-electric stations play an important part in 
supplying power, and the number of installations 1s 


_ principal function of the steam plant was for standby use 


during peak hours. 
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in the event of power failure, and to supplement hydro 
The more recent trend has been 
toward the use of steam power to carry large blocks of 
steady load. Also, many hydro-electric sites have been 
developed and only a limited number of sites now remain 
which can be economically developed. Therefore, the 
movement toward the construction of steam plant 
capacity is destined to become greater in future years, 
Ten years ago (1940) the steam plant capacity of the 
company represented 30 per cent. of the total installed 
capacity. To-day (1950) it is 42 per cent., and at the 
end of 1951 it will approximate 54 per cent. of the 
Company’s total generating capacity.” At the time 
this report was made that Authority was building three 
steam stations totalling 975,000 kW. 

Low-head Stations, in the main, serve to top up stea 
stations or when a set is being overhauled. 
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Fig. 2. Brighton Power Station (1887) 


already considerable where fuels are scarce. They are 
divided into three categories—high, medium and low 
head. Notable examples of the first are several of the 
schemes associated with the Tennessee Valley Authority 
and Dixence, near Lausanne, which has a head of 5,750 ts 
the highest in the world. 

A large scheme is projected at Cariba Gorge on the 
River Zambesi on the borders of Northern and Southern 
Rhodesia. This particular scheme is interesting since at 
Wankie, in the same area, good coal is produced at 10s. 
per ton, thus affording an opportunity for economic com- 
parison of the two methods. 

In this connection it may be interesting to quote an 
article by the Vice President and Chief Engineer of the 
Pacific Gas and Electric Company which provides power 
to a very large part of the State of California. He says : 
“During the early years of the company when most of 
the power was generated in hydro-electric plants, the 


In Britain the earliest hydro-electric station appears to 
have been built at Godalming, Surrey, in 1881. It was 
installed and operated by Messrs. Siemens Bros. & Co., 
under a yearly contract with the Town Council. The 
author of ‘‘ Early days of the Power Station Industry,” 
Mr. R. H. Parsons, writes : ‘“ Power was developed from 
a waterfall on the River Wey and the cables were laid in 
the gutters along the streets which were lit by both are 
and incandescent lamps. The undertaking was an un- 
profitable one for the Company, and as a canvass of the 
citizens showed no prospect of a satisfactory demand, the 
supply was discontinued on May Ist, 1884, and gas 
lighting restored to the streets.’’ The Société Edison of 
Italy, in making a similar claim for Milan, dates the 
installation as 1883, 7.e. two years later than Weybridge. 

Hydro-electric stations in Britain have, however, pro- 
gressed but are generally confined to the mountainous 
districts of Scotland and Wales. With the schemes now 
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ry considerable civil engineering works can contribute 
it 103,000 kW. Notwithstanding this the undertaking 
rms a very necessary and important link. 
Hydro-schemes however are costly in the construc- 
onal sense being about £200 per kW of installed plant as 
rainst £65 for steam generated power. 

In Eire, however, where coal is almost non-existent, 
iere are several hydro schemes, the largest being the 
1annon Station. 

In passing, one should refer to the by-product of hydro- 
ectric stations. After the head of water has given up 
3 power, it is controlled to a great extent and becomes 
vailable for land irrigation with a consequent benefit to 


Wgriculture. The Tennessee Valley scheme has enabled a 
reat arid plain to be converted into a vast garden. In 
ssessing the benefits derived from a hydro-electric 
cheme, therefore, one should not calculate on the basis 
if electric power alone. 


Geo-thermic Stations 

Last session this Institution heard a lecture by Dr. 
§\lfredo Mazzoni on the stations built at Larderello, in the 
Hills of Tuscany. Basically, the three larger stations 
i Iready in operation producing some 130,000 kW, derive 
heir steam power from underground caverns between 
) ,200 and 3,000 feet deep. 

The late Sir Chas. Parsons believed that by deep drill- 
ng sufficient heat could be obtained to make coal burning 
innecessary. Perhaps Larderello, where, 1t 1s con- 
ended, the heat is created by radio-active materials in 


¢ 


can 


‘the earth's crust at no great depth, is at once proving his 


theory and surpassing his expectations. It is believed 
that underground water gathers in large caverns and the 
consequent disintegration of the rock produces not only 
high temperature (284°F. to 419°F.) and high pressure 
(70 to 380 lb. per sq. in.) steam, but also an admixture of 
valuable chemicals such as boric acid and rare gases such 
as argon and helium, which are reclaimed as by-products 
of the power production. A French engineer, Raynault, 
in 1894 used the gaseous vapour of the soffoni to preheat 
the water of a small multi-tube boiler operating an 8 h.p. 
reciprocating engine. In 1904 Prince Conti actually 
produced electricity sufficient to light five electric lamps 
and this may well have constituted the first geo-thermic 
station. Later, Prince Conti experimented further and 
in 1930 he visited Hams Hall ‘‘A”’ Station with the object 
of finding a circulating water cooling system to meet the 


Fig. 3.—Llanarth Street Power Station, Newport, Mon. (1895) 


requirements at a proposed station at Larderello. He 
planned to tap the subterranean steam by pre-determined 
drilling and use it to drive Ansaldo steam turbines 
cooled by means of Hyperbolic Cooling Towers. So 
successful has he been that 130,000 kW of power is now 
being produced from the three main stations using nine 
Hyperbolic Cooling Towers. Plans for installing plant 
for a further 120,000 kW. in this area are under con- 
sideration. In October last, four drillings 1763, 1689, 
1339 and 3874 feet produced steam at the respective rates 
of 1gr, 106, 191 and 54 tons an hour at temperatures of 
428, 381, 392 and 330° F. and 86, 62, 68 and 78 lbs. per 
sq. in. pressure. These came from 19°5-inch bores. The 
chemical or by-product side keeps pace with the electrical 
developments; the main by-product being almost pure 
boracic. Fig. 1 shows the latest completed station 
which consists of tappings in the ground, heat exchange 
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units, engine house and pump house, circulating water 
system and switching station. Compared with a coal- 
burning station there is a saving in constructional costs of 
rail sidings and marshalling yards, boiler and auxiliary 
houses, fan and gas houses, chimneys, electro-filters, 
coaling and ashing systems. The author believes that 
Larderello may later come to be broadly considered as the 
first atomic station since, apart from the heat developed 
relatively near the earth’s surface, there appears to be a 
disintegration of rock material in process which may well 
be due to nuclear fission. 

The work at Larderello is attracting much attention 
from districts where similar conditions prevail, parti- 
cularly New Zealand and America. It is of structural 
interest to note that tubular steel construction 
was employed owing to the difficulty of transport and the 
general isolation of the area. Prefabricated in large 


Fig. 4.—Summer Lane Power Station, Birmingham (1906) 


easily handled sections, the components could be taken 
to the site and welded into complete stanchions and roof 
trusses, the latter engaging tie-rods. 


Oil Fuel Stations 


In Britain the only large publicly owned station of this 
kind is now nearing completion at Bankside, London. A 
coal station was objected to on many counts; coal hand- 
ling, ash disposal and damage to the fabric of London’s 
historic buildings being the principal. In due course, no 
doubt, there will be sufficient reliable data to enable a 
comparison of costs to be made with the more orthodox 
steam stations. What is clear already is that in a 
station of this type fuel can be handled as in an ocean 
liner; it will be cleaner, occupy less space and will have 
no residues to dispose of. Cooling at Bankside will be 
effected by circulating Thames water. 


= The Structural Engineer 
{ \- 
; Peat-burning Stations | a 
Two notable stations have been built in Eire where 
coal is practically non-existent. These are Allanwood 
(40,000 kW) and Portarlington (25,000 kW). The 
success of such stations depends on the efficient collecting 
of peat in sufficient quantity, drying it and feeding the 
boilers. A very ingenious mass cutting, drying and feed- 
ing plant has been devised and is working satisfactorily, 
Otherwise, these stations generally follow the lines of 
coal-burning stations. Hyperbolic cooling towers deal 
with the circulating water, and two such towers are in 
operation. 


Sewage Gas Stations ; 
Under the late D. M. Watson, M.I.C.E., the Birming- 
ham, Tame and Rea District Drainage Board devised” 
many years ago a method of collecting sewage gas which 
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enabled sufficient power to be generated for use on their 
extensive sewage works. No doubt others exist but 

must necessarily remain but small producers. However, 

this shows the ingenuity of man. 


Wind Power 


Many small units came into operation when power 
from, the main sources of public supply was curtailed 
after the war. Hardly ranking as power stations these 
installations helped in difficult periods. However, the 
development of wind power for electricity generation has 
been dealt with by the Electrical Research Association 
and Mr. E. N. Golding, M.Sc., M.I.E.E., has provided us 
with a peep into the future. | 

It is claimed that a machine for the British Electricity 
Authority will generate at 100 kW. It will be erected 
near Aberdaran in North Wales and will consist of a 
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ywer. The air is drawn through the turbine and up- 
ards through the tower by the rotation of the propeller 
ad is discharged through slots in the tips of the 
ropeller blades. . 
Good progress has also been made on a 100 kW. machine 
» be installed in’ Orkney for the North of Scotland 
(ydro-Board and it is undergoing preliminary trials. 

It will take time to perfect such devices, but a survey of 
ie conditions is being made in many countries. 

When proved they will contribute but little to bulk 
applies, but at the same time will make an economic 


istricts where transmission from steam on other stations 
ray be costly. It has been estimated that building 
osts would be around {50 per kW and generation cost 
.25 pence per kW hour against 0.4 pence for steam 
enerated power. 


Tidal Power 
Whilst there are large sources of power obtainable from 
he tides, great difficulties exist to prevent its develop- 
aent. This method of producing electricity remains a 


Fig. 5.—Princes Power Station, Nechells, 
Birmingham (1922) 


challenge at the present, but schemes have been prepared 
and some day may be carried out. 


Stations of the Future 

In 1946, when many people visualised the extensive 
use of atomic energy in power stations, the author, con- 
jectured the outline of one of the new stations, assuming 
that atomic energy could be counted as heat energy. 
Structurally it appeared that apart from atomic pilc 
housing the new stations would shed the boiler house, 
electro-filters, chimneys and the whole of the coaling side, 
leaving a station somewhat as seen at Larderello. 


ywer Q7 feet high and an air turbine located at base of 


ontribution to supplying power in out-of-the-way — 
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Coal-burning Stations (1882-1952) 
In Britain, practically all electric power is derived 
from coal-burning stations, so it is interesting to review 
their history. 


Holborn Viaduct Station, London—1882. 

This station is reputed to have been the first public 
power station in this country, if not in the world. It was 
located at No. 57 on the north side of the viaduct. »The 
plant consisted of an Edison dynamo coupled direct to a 
Porter-Allen horizontal steam engine mounted on a base 
plate, the whole weighing some 22 tons. No great 
structural problems here—just a jobbing builder’s work. 
The water tube boilers were constructed by Messrs. 
Babcock & Wilcox. 


Legislation and Development 

Four years before the Holborn Viaduct Station was 
operating, Parliament became interested in electrical — 
supply problems. Gas and water undertakings worked 
under statutory powers granted by the Board of Trade, 
but not so the electricity supply undertakings which 
were individually so tiny as to be confined to lighting of 
theatres and small areas as described. However, 
companies and certain municipalities considered the 
potentials of the situation. Thirty-four applications 
were made for statutory authority to supply areas in the 
year 1878. A Commission of Enquiry was set up in 1879 
and their findings were that : ‘‘ In considering how far 
the legislature should interfere in the present conditions 
of electric lighting, the’ Committee would observe 
generally that, in a system which is developing with 
remarkable rapidity it would be lamentable if there was 
any legislative restriction calculated to interfere with the 
development.’’ Parliament did not act on that recom- 
mendation, but in 1882 Joseph Chamberlain’s Electric 
Lighting Bill was introduced and:became law. This Act 
was not popular with potential developers. It provided 
that the Board of Trade should be empowered to grant 
licences to local authorities or private companies with the 
consent of local authorities to establish electricity under- 
takings in defined areas. The licences were to last five 
years but were renewable. The Board of Trade were 
also empowered to grant provisional orders to local 
authorities, or to private companies without consent of 
local authorities, but these had to be confirmed by 
Parliament. Local authorities were empowered to pur- 
chase undertakings at the end of 21 years or at the end of 
every seven years thereafter, at fair market, value but. 
there was no consideration for goodwill. 

This Bill satisfied no one and, indeed, hindered pro- 
gress of the industry. However, an amending Act was 
passed in 1888 following attempts by Private Members 
Bills to rectify matters. It gave a fresh impetus and 
stations were built all over Britain. The Act’s most 
important conditions were : 

(i) Local authority’s consent should be obtained 
before granting a provisional order. 

(ii) The Board of Trade to have power to override any 
unreasonable refusal by a local authority. 

(iii) The Board of Trade to be empowered to vary 
terms of sale so that the sale may be negotiated. 

(iv) The period of security of tenure increased from 
21 to 42 years with options increased from seven to ten 
years, 3 ; 

With the growth of supplies some control over the 
activities of authorities and companies became necessary 
and this was effected by the 190g Act. 

For instance, the Board of Trade could now enable any 
authorised undertaker to acquire land compulsorily for 
a generating station even outside his area of supply. 


_ system. 


‘tariff fluctuations. 
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As early as 1900, Private Bills began to be presented to 
Parliament seeking powers’ for authorities to supply 
large areas. The South Wales Power Distribution 
Company, for example, obtained power to serve an area of 
1,050 sq. miles; the Yorkshire Electrical Power Company 
an area of 1,800 sq. miles, and so on. 

The 191g Act centralised control still further by 
setting up ‘“ Electricity Commissioners ” to co-ordinate 


generation and main transmission on a voluntary basis.. 


A further Act passed in 1922 was designed to facilitate 
Commissioners’ efforts of co-ordination. 

The important 1926 Act was based on the “ Weir” 
Report for concentrating the generation of electricity in a 


comparatively limited number of large and efficient 


stations all interconnected by a high-voltage “ grid” 
It established the Central Electricity Board, 
whose main duty was to consider what existing or pro- 
jected stations should rank as “selected stations,’’ and 
brought the “ grid’ into existence. Owners of 
non-selected stations could be compelled to shut down 


Fig. 6.—Hams Hall “ B ”’ Power Station, Birmingham (1942). Interior of engine house 


and take supplies from the “ grid” on certain terms. At 
that time there were 440 power stations belonging to 


authorised undertakings. 


Finally, on April 1st, 1948, the new British Electricity 
Authority with its 14 Area.Boards took over the whole of 
the generation and distribution of electricity in Great 
Britain under the general direction of a Minister. The 


' Authority is required to promote economical methods, 


development and research, cheapening of supplies and 
standardization of methods, equipment and supply. It 
also administers a reserve fund for the prevention of 
Wide powers were given to the 
Authority to act in matters of its concern, ranging from 
the manufacture of equipment to the advancement of the 
skill of its employees. 

Consultative Councils in each Area were also estab- 
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This reference to Legislation is important since pro- 
gress was everywhere affected by it. ee 
Brighton “ B”’ Power Station—1887 (Fig. 2.) 
Situated in the centre of the town in Gloucester Road 
the station buildings were of brick and measured 70 ft. 
long by 55 ft. wide. Light stanchions and roof trusses 
were in steelwork supporting a slate roof lined in timber. 
The floor was of concrete and the boiler plant consisted of 
three semi-portable boilers as shown. — It is assumed that 
these agricultural types of boilers were driven in, jacked 
up, wheels removed and boilers anchored on a concrete 
foundation. The dynamos were mounted on slotted 
metal bearing-pieces to enable the tension in the driving 
belts to be adjusted. | a 


y 


Llanarth Street Power Station, Newport—1895 — 
(Fig. 3.) “A 

Here can be seen John Fowler boilers driving Uskside 
Engineering Company’s generating sets with ropeways, 


as well as the familiar structural design of the earlier 
power stations; heavy brick walls relieved by arches all i 
glazed brickwork of two or three colours. One cat 
visualise strip foundations in ordinary concrete of no 
particular specification. Also noticeable is the tem- 
porary end that seems to be necessary even er. 
unless the complete station is built as one contract. a 


The Town Council obtained first-hand information: 
inspecting stations at Chelsea, West Brompton, etc., and 
applied for a provisional order which was granted by the 
Board of Trade in 1891. 2 4 


Mr. Robert Harcourt, M.I.E.E., was appointed Cong 
sulting Engineer and tenders for buildings, plant etciy 
were requested in October, 1893. Sixty firms tendered, 
Wm. Gradwell of Barrow-in-Furness obtaining the Civil 
Engineering Contract. z ee 


~ 
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The Station was closed in 1928: ane 33 years’ service, 
id is now used asa sub-station, 


\ 


‘Summer Lane Power Station, HimiAeher 
(Fig. 4.) | 


This station when it was built in 1g06 was considered 


e super power station of the country. Here are seen _ 


»t semi-portable boilers but nine Bellis & Morcoms 
ciprocating engines directly coupled to the generators, 
id two small 500 kW Parsons turbines. The total 
pacity of this station in 1906 was 11,500 kW. Here 
rain will be noticed the familiar heavy bearing walls and. 
lieving arches on a brick-concrete foundation support- 
g an overhead gantry. Glazed bricks with the usual 
our relief were used internally. The cooling system 
as closed with the nearby canal arm until the capacity of 
1e station was raised, ultimately reaching 50,000 kW by 
26, which necessitated installing a large timber cooling 
ywer and several Worthington cylindrical towers of the 
ietal-filled type. 


rinces Power Station, Nechells, Birmingham— 
1922 (Fig. 5.) 

yas ollowing the implementation of the Parsons patents, 

‘eam turbines took the place of reciprocating engines 


Fig. 7 .—_Uskmouth Power Station—Flooding of high tide, September 5th, 1947. 


“planned to add a further 8,000,000 kW by the end of 


1956, which calls for an accelerated programme averaging 


_ 1,600,000 kW per annum and making a total of installed 
~ plant of nearly 24,000,000 kW by that year, assuming 


that existing plant is maintained. 

Of this total, hydro-electric plants of high and low 
heads may account for something like 1,000,000 kW., 
whilst the oil-fired station now being built at Bankside, 
London, will produce a further 120,000 kW. It will 
therefore be appreciated that by far the major part of the 
total output is by means of coal-burning, or thermic, 
stations. 


Uskmouth Power Station (1948-1952) 
Site 

With a coal-burning station the first consideration is to 
find a site which, whilst having reasonable access to coal 
and large volumes of water, offers also a method of ash 
disposal. If the station is to take water from a river or 
waterway, the fisherman, whose ancient rights are sacred 
to the hearts of River Commissioners and others, must be 
safeguarded and satisfactory guarantees given that the 
water will be returned reaerated and cool. 

The Ministry of Town and Country Planning must also 
be satisfied that the development of the countryside will 
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+22.50 O.D. Newlyn. 


(N.B. Basement Level of Station is + 6.00 O.D. Newlyn) 


ind Kee is seen the com SHOE of steam turbine and 
renerator in one of the earlier stations. This station 
rventually had 10 No. turbines with a total capacity of 
62,000 kW. With larger outputs, the circulating water 
ystem became of major importance. This station em- 
sloyed some 45 timber cooling-towers circulating 
7,800,000 g.p.h. and -special care had to be taken to 
yrotect them from fire. As an instance of present-day 
levelopment, three hyperbolic cooling-towers are now 
ised to circulate 9,600,000 g.p.h. at the new Nechell’s 
‘B” Power Station. The buildings have piled foun- 
lations and structural steel superstructure. 


Baheral picture of the engine house of the Hams 
Hall “B”’ Power Station at Birmingham built 
during the war (Fis. 6.) 

_ The difference in the structural treatment seen here is 
further developed in the station at Uskmouth which will 
now be considered. Incidentally, Ham’s Hall “B” 
Station is a complete ferro-concrete structure clothed in 
early English brickwork. 


es _ British Electricity Authority 
The installed plant of the British Electricity Authority 
Dp December gist, oe is given as 15,737,000 kW. It is 


not be prejudiced in any way and the Royal Fine Art 
Commission must see the architectural treatment. Only 
then may the British Electricity Authority proceed with 
their plans and endeavour to obtain the land. In an 
organised community all these processes are matters of 
importance. Nevertheless, they are tedious and often 
cause lengthy delays, particularly when approval be- 
comes the subject of an official inquiry. Such was the 
position at Lincoln, Durham and Newport, to mention 
only a few. 

Mr. T. H. Wood, M.I.E.E., Borough Electrical 
Engineer and Manager in 1948, discovered the Uskmouth 
site and initiated the scheme which, on April Ist, 1948, 
was taken over by the newly-formed British Electricity 
Authority. Despite foundation difficulties common to 
the east bank of the river, this site at the confluence of 
the River Usk with the Bristol Channel offered a very 
large expanse of relatively flat agricultural land (part of 
which had been “ saltings ’”’) with ample water supplies 
and a pilot rail line laid by the old G.W.R. when they 
wished to promote industrial development there. 
Incidentally, this mile or so of dead straight rail became 
the base line on which the grid survey was made. The 
site acquired will be sufficient for both the present “A” 
and the projected ‘‘ B ”’ Stations. 
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_Ample accommodation exists for rail marshalling yards 


- coal store and (by reason of the existing ground level) for 


the vast quantity of boiler ash. When one remembers 
that the ash content is approximately 20 per cent. and 
the consumption of coal on the “A” Station alone 


- averages some 3,400 tons a day, it can be realised what an 
important part the selected site must play in its disposal. 


_ building material. 


In passing, it may be recorded that the fly ash, a by- 
product of the station, may ultimately become a useful 
Experiments in the Midlands indi- 
cate that bricks can be made successfully. 

Fig. 7 shows the site in flood, the target poles indi- 
cating the width of the station. In addition to the land 
survey which carefully picked up all details of the 
irrigation system, the flood gates, river and defence 


lines, it was necessary to make a soil survey as well as a 


survey of the river and tides, remembering that on this 


coast the normal tidal range is supplemented by addi- 


Fig. 8.— Uskmouth Power Station. 


tional heights when there is an on-shore wind and a falling 
barometer. These factors combined can cause an 
additional 3 feet, producing a total range of 44 feet. 

The soil mechanics report showed that the site would 


‘have to be piled and, further, that piling would not be 


easy. 


Road and Site Levelling 

Negotiations completed, permission was obtained to 
enter the site on March 20th, 1948, when a pilot contract 
was let. This contract covered preparation for levelling, 
drainage and access roads, the extensive railway embank- 
ments and the building-up and drainage of ground to be 
used as a coal store, all of which entailed the use of some 
half million tons of red ash and quarry waste. The only 
roblem here was maintaining the reens and drains 
established over the centuries by the farmers who, by 
means of earth banks and primitive wooden sluices, kept 
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the land free of atwaler and yet conserved fresh water 
for cattle-raising and cultivation. 

Wherever new embankments crossed these tone 
established features, the latter were maintained b 
culverting—a simple precaution that paid handsom 
dividends in subsequent site development. 

Only such areas as were immediately required to b 
raised were filled and consolidated, since the station as 
will in time completely cover all low ground not wante 
for the station buildings, rails or roads. 


0 
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Camp Buildings and Amenities 

In view of the estimated peak labour force of some 
2,500 men, a camp was designed to give sleeping accom- 
modation, ablution and drying huts, recreation and 


catering ‘accommodation. This was built on a unit 
‘ 


principle but of such strength as to combat the gales and 
hard weather on this exposed part of the coast. 


The 


Layout of coal-handling plant 


camp is administered by the Authority and is well 
patronised. It is an undoubted amenity much valued by 
all who work on the site. A cine film record of progress 
has been made and is often shown. The construction 
was of Ministry of Works type precast concrete canti- 
levered span trusses with brick infill and asbestos cement 
roof with ridge ventilators. Concrete floors suitably 
surfaced with a bituminous solution gave a fine and easily 
cleaned surface. It should be remembered that the site 
is isolated, and little or no ordinary living accommoda- 
tion is available inside or around Newport. 


Coal Handling, Storing and Railways (Fig. 8.) 
In planning the full development of the site it was 
necessary to plan railway sidings and marshalling yards 
for the ‘A’ Station and a possible ‘‘ B ”’ Station of equal 
or possibly greater capacity. The first station is on the 
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1953 
track previously referredto. - ~ 
Intake of coal for the “ A” Station is approximately 
3,400. tons per day which can be taken either from the 
Jarge semi-circular store (capacity 108,000 tons, or five 
weeks’ supply) or discharged direct from trucks on to 
two separate tipplers of the usual side-discharge type. 
If wanted directly in the station, the coal is conveyed 


house by conveyors at each end of the station, where it is 
fed into the. concrete bunkers by trippers on twin con- 
veyors. If the bunkers are full the coal can be readily 
directed to the coal store. Reclamation from store is by 
means of scrapers and a bulldozer which moves coal to an 
underground hopper at the centre point. 


described. The tipplers, hopper and crusher housings, 
etc., are’all ferro-concrete structures. The total con- 


west of the peninsula and in line with the existing single 


‘from tipplers to crusher house and thence into the boiler 


From here it 
is taken through crushers and into bunkers as previously _ 
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items consist of six heavy turbo blocks measuring 
62 ft. o in. long by 18 ft. o in. wide and extending from 
basement level at + 6.00 O.D. to engine room floor 
level at +34.00 O.D. with condensers between the steam 
and electric ends. The turbines and blocks each weigh 
some 1,700 tons. The sets are 60,000 kW G.E.C. 
hydrogen cooled rotating at 3,000 r.p.m. laid out in “ line 
ahead ”’ formation. The circulating water ducts at the 
station are accommodated at the back of the retaining 
wall and in this way a large unencumbered basement 
floor is provided. 

There are 12 Babcock. & Wilcox boilers using pul- 
verised fuel and generating steam at 950 lb. per Sq. in. 
and g25°F. with steaming economisers, draught and 
milling plant. Each successive pair of boilers supplies 
steam to asingle receiver. Ten of these boilers work and 
two are in reserve. The foundations are of suitably 
grouped piles which support 2,200 tons per boiler. 
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-yeyor capacity is 600 tons of coal per hour. The con- 
veyors are housed in light steel structures clad in R.P.M. 
sheeting with segmental roofs. Foundations are piled 
and capped. | 
The eight miles of tracks forming the sidings required 
for the ‘‘ A” Station will accommodate 480 ten-ton 
trucks of coal. There are sufficient sidings for marshall- 
ing “fulls” and ‘empties’? as well as “ crippled 
_ waggons.”’ Simplicity has been aimed at. 
The track ballast consists of Blue Pennant and lime- 
stone, graded from 2 in. down, carrying prestressed 
concrete sleepers with standard chairs. The turnouts 
_ and crossings. employ timber sleepers. 


«Main Buildings, Piled Foundations (Fig. 9.) 
Generally the plant foundations have been designed 

independently from the building structures. The main 
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Fig. 9.—Uskmouth Power Station. 
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Half-plan of piling for main buildings 


The next important load comes from the 12 electro- 
static precipitators each on piled foundations with loads 
of 400 tons per unit. 


Centicell dust collectors and electrostatic flue gas 
cleaning ensure that grit emission from the two 300 ft. 
high ferro-concrete chimneys is kept to the minimum, 
This installation is obligatory. 


The Ash Disposal Plant 


Coal ash from the water-filled hoppers beneath the 
boilers is collected and crushed in a central ash pit below 
the station basement and then pumped to the ash field 
by means of three pairs of series-connected pumps. Dust 
from the precipitators is similarly disposed of. 

This disposal plant, including crushers and pumps, is 
piled as for the rest of the station. The constructional 
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work was carried out within a steel sheet piled cofferdam 
and frames. 


Piling 

As anticipated, piling offered difficulties. Due to the 
inclination of the silt stratum toward the river, piles had 
to be driven into the marl. Water jetting from level 
+-4.00 O.D. was first considered sufficient to help the 
piles through to the marl level, but after excavation 
there remained an average of 14 ft. o in. of estuarine clay 
over the sand which, being waterlogged and held top and 
bottom between the clay and marl, did not allow the pile 

to pass downwards with reasonable ease. 
The 16 in. and 18 in. square precast piles were between 
45 ft. and 75 ft. long, these latter being located at the 
- loading bay areas and calculated from level +-28.00 O.D. 
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ground to such an extent that ashes were required as ; 
mat to enable work to be continued. _ ce, 

Seven modern driving sets were employed and record: 
taken for every pile driven, so it was possible to checl 
carefully what was happening. The 2 in. diamete 
jetting tubes in the piles when plumbed indicated wha 
occurred below ground. With few exceptions the pile: 
were not damaged at their lower levels and it was mainly 
the heads that spalled or shattered. 

Driving was organised so as to offer an ‘‘ open face ”’ te 
the operations, though in certain cases where raker: 
were required to pass between vertical piles already 
driven for turbo bed bases this was not possible. 

In the earlier driving, Oak, Greenheart and Pinkadoc 
dollies were used, the latter giving the best results (12 
piles per dolly). Attention was then paid to packing 


+ 100-00! ©.D. 


Fig. 10.._Stanchions between boiler house and bunker bay 


It became obvious that to reach the marl some means 
had to be found to pass the sand barrier which was 
breaking dollies and doing no little harm to the piling 
plant employed. Such things as trigger arms to operate 
valve gear, gullick clips, flexible copper high-pressure 
jetting tube connections, ram casings and steam glands 
all gave trouble until a solution was found. Jetting 
pressures of 200 Ib. to 350 lb. per sq. 1n. were tried but 
this only served to raise the pile—evidence of the ‘‘ dead 
hand” effect of the overlying bed of clay and the un- 
yielding marl. A slightly enlarged section where the toe 
joins the main shaft of the pile was tried in the hope that 
this would create a clearance, but the effect was that the 
pressurised water flowed upwards and liquified the top 


between top of piles and the dollies. After much 
experimenting, resin-bonded laminated timber dollies of 


some g2-ply (thickness 4 in.) capable of withstanding a_ 


uniformly applied pressure of 43,000 Ib. per sq. in. were 
used successfully. 


Much better results were obtained — 


and, although they cost £7 each, the unit cost per pile 


driven was decreased materially. Research continued. 


and finally a plastic dolly costing {18 solved the problem 
of hard driving. Records exist showing that 40 piles 
were driven with one such dolly, This plastic material 


consisted of Bakelite reinforced with cotton fabric, the — 


thickness being approximately 4 in. For 16 in. piles tHe 


dolly was 14 in. < 14 in. x 4 in. and for 18 in. piles 


I5sin. xX 15$in. X 4 in. 


eth. 


‘It is pleasant to record that under these conditions of 
vard driving the casualties, though high in the early 
tages, amounted to but 2 percent. of the total. _ 

The general piling scheme is the usual grouped layout 
or a large structure, but the chimney foundation piles 
ncluded in this contract were interesting. These piles 
jad to penetrate the same silt band but at closer spacing. 

This problem was solved by carefully driving 3 in. 
-hick, 24 in. diameter, steel tubes down into the marl 
with a 4-ton single acting steam-hammer with a drop of 
(2 in. to 18 in. These tubes were made of flat plate brought 
to the site in convenient lengths and welded together. A 
steel helmet with packing and dolly was used and the 
cutting edge of the tubes stiffened. This was a delicate 
job splendidly handled. Once into the marl, the core 
was scooped out and the piles driven inside the tubes. 
The inter-space was then pressure-grouted. These piles 


Fig. 11.—Uskmouth Power Station. 


penetrated the marl up to 5 ft. Apart from the special 
difficulties mentioned no other obstacles not normal to 
this type of work were encountered. 

It should be recorded that at level +4.00 O.D. the 
contractor suffered little inconvenience from water, 
notwithstanding that tides only 250 yards away rose to 
+20 ft. on occasions. The contract did, however, 
provide for dewatering devices if required. 


. Chimney Structure 

_ There are interesting points in the design and econ- 
‘omics of power station chimneys. 

~ Tt will be appreciated that large savings in cost and 
‘materials can be effected (a) by making the chimney an 
integral part of the boiler house, so that the main shaft 
commences at roof level, instead of a separate structure, 
and (b) by using ferro-concrete rather than brick 
-construction. 
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The two Uskmouth chimneys have been designed on 

these principles, having fluted reinforced concrete shafts 

206 ft. high rising directly out of the boiler bay and 

tapering from 34 ft. diameter to 25 ft. diameter inter- 

nally at the top. The corresponding wall thicknesses 
are 10 in. and 6 in., excluding the brick lining. 


Building Frame Foundations 

As these were mainly separate, the level of group pile- 
capping could be determined in the contract plans with- 
out considering plant foundations. It is interesting to 
note here that in many cases where all foundations are 
not piled but rigidly connected, deep plant foundations 
may necessitate taking frame foundations considerably 
below an otherwise satisfactory stratum. — 

The building frame foundations in the engine house 
amount to approximately 500 tons per stanchion due to 


Interior view of engine house roof 


the heavy 175 ton overhead gantry used in installing the 
turbines and maintaining them in use. 


Steelwork Superstructure 

There can be very little that is new in the design of a 
steel superstructure for a modern power station, whether 
it be designed as a rigid or semi-rigid frame or to the 
B.S.S. 449-1948 with allowances made for wind moments 
at the stanchion connections. The final design was a 
combination of all three methods and, solong as structural 
engineers are forced by circumstances to accept certain 
methods of fabrication and erection offered, this must 
always be so. \ 

The major erection problem to-day is the shortage of 
riveters and welders resulting in too frequent requests to 
use bolts, when even turned-barrel bolts are impossible to~ 
obtain, 
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| The Uskmouth steelwork, maybe differs in one way 
‘om previous power stations in that it incorporates 
rovision for air raid precautions. The compound 
eams at the windows are designed for a vertical load 
quivalent to the weight of a 134 in. thick brick wall 
bove and also against blast. 

The turbine house bay is 65 ft. 0 in. span with a crane 
ft of 175 tons. The stanchions are at 30 ft. 0 in. 
entres and are of a built-up section of joists, plates and 
ange angles with a continuous plate web. The flange 
entres are only 3 ft. 0 in. and this has removed the 


Fig. 13.—Uskmouth Power Station. 


ppearance of heaviness so often associated with in- 
ustrial buildings of this kind. ; 

The turbine house floor is supported independently of 
1e turbo blocks and is designed for a superimposed load 
f 4 cwts. per square foot with specially loaded areas for 
ithdrawal of the rotors. 

The roof girders for both the turbine and boiler house 
ays are of similar design, those in the boiler house being 
esigned to lift the boiler drums, and the turbine house 
nes to assist in erection of the 175 ton capacity travelling 
ane. 

The problem of the expansion joint in the turbine 
ouse crane rails was given a.good deal of thought both by 
le engineers and the crane contractors, and this co- 
yeration led to a solution which has been accepted by 
ritish Electricity Authority engineers generally as a 
tisfactory method of forming expansion joints in crane 
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rails subjected to heavy local concentration of stress from 
wheel loads of up to 70 tons per wheel, including impact. 

At the request of the British Electricity Authority (on 
the advice of the pump manufacturers) the electric 
pumps are supported on independent steel structures 
entirely separated from the main superstructure. The 
steam pumps, however, are supported on the pump floor 
steelwork and their supports designed to avoid harmonic 
vibration. The firing floor was generally designed for a 
superimposed load of 34 cwts. per sq. ft., but in addition 
a point load of 5 tons was allowed over certain specified 


Latest progress photograph 


areas to cover loads due to plant erection. On the beams 
this superload was reduced to 2 cwts. with the same 
point loads. 
This was a far-sighted policy as, many months after 
the commencement of the steel erection, the British 
Electricity Authority firmly stated that no part of the 
roof should be left open as access for delivery of the boiler 
structures from a crane erected on the roof steelwork. 
Hence large sections weighing up to ro tons were carried 
across the firing floor over the specified areas, and a 
travelling gantry crane (capacity 5 tons) was slung from 
the underside of the boiler house roof girders. This was 
a further step to assist in the speeding up of the erection 
of the station. The boiler drums, weighing 48 tons each, 
were also taken across the basement floor on rollers and 
hoisted into position from the roof girders by means of 
lifting beams, 
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Again, the firing floor steelwork is independent of the 
boiler structure, the steel beams trimming the floor 
openings being capable of supporting. the temporary 
loads from the boiler drums. 

The_reinforced concrete bunkers are supported on the 
thick cap slabs of the heavy compound stanchions of the 
bunker bay. These stanchions are formed of two joints 
spaced sufficiently apart from the reinforced concrete 
bunker walls to run continuously between. This detail 
is illustrated in Fig. to and is a good solution to the 
problem of two different materials being used to the best 
advantage. 

The main features of the steelwork design are the steel 
structures supporting the reinforced concrete chimneys. 
Designed as rigid frames, the total dead load from one 
chimney is 1,500 tons with a wind shear of 80'tons. The 
calculated deflection was 0.90 inches. Much thought 
was given to the detailed connections which were site 
riveted. 

The maximum load on the stanchions between 
bunker and boiler is 1,250 tons, the stanchions being at 
60 ft. o in. centres. Small grillages were used under 
these stanchions taking advantage in design for the 
increased direct See ee stress allowed under 
C.P. 114/1948 on the 1 : 3 concrete in the pile caps. 
A detail of this base is sNowrt in Fig. ro. 

The superstructure is approximately 872 ft. long and 

»8 ft. wide, consisting of turbine house, pump, ‘tank, 
eet boiler house, precipitator and I.D. fan bays. 
There are two expansion joints in the length of 872 ft. 
(Total weight of steelwork = 15,444 tons). 

Time from commencement of erection to completion: 
three years. 

132 kV Switchouse Steelwork 

The steelwork superstructure was designed as a semi- 
rigid. frame with site riveted connections at the 
stanchions. 

Steelwork around the contact breaker cubicles was 
designed to resist a blast pressure of 72 lb. per square foot. 

Length and width of building = 460 ft. 0 in. long by 
go ft. o in. wide. 

Total weight of steelwork = 1,080 tons. 

Time from commencement of erection to completion : 
nine months. 

Floors and Roofs 

The floors throughout the station are of 7 sztu ferro- 
concrete or open steel grid-work, while the roof is of pre- 
cast concrete beams of unit construction. These are 
hollow to assist in the prevention of condensation. 
Screeds to falls and cork under asphalt. gives the neces- 
sary insulation.’ 


Cladding 
The exterior cladding is of a straw-thatch coloured 
brick with reconstructed stone caps and features. The 
fenestration is ample and with electrically operated open- 
ing gear ventilation can be easily regulated. 


Ventilation 
Fig. 11 1s an interior view of the engine house roof, and 
shows the ventilation. RPM ventilators have been used 
throughout on this station. 
Certain sections of the office block at the west end, 
including locker rooms, etc., are ventilated artificially. 


Circulating Water System (Fig. 12.) 


The circulating water system is of particular interest as 
consideration had to be given to the fact that the River 
Usk, from which the circulating water is drawn, has a 
tidal range of approximately 44 ft. The quantity of 
water required is 15,000,000 gallons per hour, the total 
flow at low water being 60,000,000 gallons per hour, with 
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a period lasting a few minutes at the. turn of the tid 
when there is no flow whatever. 

Considerations of economy made it necessary t 
utilise the maximum effect of syphonic assistance, havin, 
regard to the cost of excavation for the main building an 
the circulating water inlet and discharge ducts. Thes 
ducts are of rectangular section under the station base 
ment, joining twin circular ducts eight feet in diamete 
external to station, and are constructed in reinforce 
concrete, cast-iron pipes not being available. ~ 

To make use of the syphonic action it was necessary t 
drown permanently the main circulating water pumps 
necessitating the sinking of a pumping station to belo 
the level of the lowest tide so that the pumps themselve 
are some 62 feet below finished ground level. The tur 
bine house basement is 22 feet below finished groun 
level, and the maximum economic syphonic assistanc 
obtainable is about 15 feet, the circulating water dis 
charge ducts being built immediately beneath the base 
ment floor. , 

River water intakes are common enough, but that a 
Uskmouth is somewhat exceptional since it is locate 
right at the mouth of a large tidal estuary. Fig. 1 
shows the tidal ranges at spring and neap tides. Th 
pumping station was built as a caisson and sunk t 
calculated levels. Its main plant consists of eigh 
vertical spindle centrifugal pumps, each of 2,500,000 ga! 
capacity and 18 band screens. The overall dimension o 
the caisson is 109 ft. 6 in. x 164 ft. 0 in. and this was sun! 
to —51.75 with a finished top floor level of +28.75. Th 
superstructure rises to level 62:00. 

The geological formation is also indicated. The firs 
operation was to drive a protective steel sheet piled wal! 
as Shown, and to prepare the compressor housing, bases 
etc., required forthe sinking, At “A350 tonst 
welded steelwork were assembled to form three workin 
chambers with safety tunnel connections. 

Whilst this was proceeding on the shore side of th 
steel sheet piling, the contractors were excavating a leve 
area on the foreshore under ““B’’. Herea 4 ft. thick bric! 
rubble mat lay ready to receive the steel workin; 
chamber when rolled out on ball-races. Its weight wa 
transferred to four pairs of steel tubes drive 
perpendicularly into the foreshore, but before lowerin; 
to brick-rubble mat a convenient range of tides had to b 
awaited to make possible the concreting which was t 
sink the cutting edges to a calculated depth of —51.7 
O:D., neato: * CoS Letters 9A) “Band OC. scleaeh 
indicate the main stages. 

Consideration had also to be given to the cill level o 
the dock entrance opposite, directly related to the main 
tained dredged level below it. To enable water to b 
taken from the river at all states of the tide, deepe 
dredging was necessary to form a channel that woul 
feed the pumps. 

The natural slope of the river banks was one in eigh 
and steeper slopes therefore necessitated steel shee 
piling and fascined and armoured inclines. 


Rolling Out 
As originally designed, this pumping station wa 
divided into two identical units of 84 ft. 9 in. x 1109 ft 
6 in. with a 3 ft. 6 in. space for jointing after sinking 
This connection was to be made within 8o feet long stee 
sheet piling, and provision was made for “ limpet ” par 
piles to be incorporated in each unit. The cofferdam wa 
to be large enough to include the foundation for th 
rough screens which prevent damage to the installatio1 
when the river in spate carries heavy debris. 
In the actual work a similar cofferdam was used 
heavily framed in structural steelwork to counter th 
high tides, rising sometimes to +22.00 O.D. 


Before letting this contract’, boreholes were taken anda 
) ft. o in. diameter well sunk to enable the ground water 
evels to be compared with tide levels. 

A complete report showing soil characteristics, sizing 
malysis, shear resistance and internal friction angle, 
noisture content, liquid limit and plastic limit was 
ittached to the tendering documents. Two- important 
‘acts were revealed :— 

(a) The average bearing capacity of the subsoil would 
de in the region of .33 to .4 tons per square foot. 

(b) The water level in the boreholes was generally far 
ower than the tide water level. 

It was contended that a more or less constant water 
evel would be found at approximately datum, or 
ossibly still lower, yet the contractor had to be warned 
hat this could develop at a higher level. Pressure on 
-he ground might therefore well have to be kept within a 
imit of 4 ton per square foot in the early stages of sinking, 
jut increasing on reaching greater depths. 

Messrs. Holloway Bros. Ltd., asked to be allowed to 
submit an additional tender based on using one in place 
of two units: The engineers agreed to this and adjusted 
heir details accordingly. In this way the Uskmouth 
caisson became the largest of its type yet sunk. The 
seneral dimensions are as follows :— 


Length 164 ft. 
Breadth es 109 ft. 6 in. 
Toe (cutting edge) £57 795,0.19) 
Pump House Floor Level .. +28.75 0.D. 
Gantry Roof Level... me ... .+62.00 O.D. 


The pump house superstructure is stee! framed and 
lad in brick to match the main building. Two 15 ton 
santries span the twin pump chambers for easy handling 
uf the eight vertical spindle pumps and ancillary plant, 
ind two 74 ton gantries and the two screen chambers. 


Prestressed Bridge over Sidings 


Road access to the station consists of a level-crossing 
ind an elevated roadway running parallel to each other 
cross 18 siding tracks. _ The level-crossing is reserved 
or exceptionally heavy loads, such as transformers, 
whilst everyday traffic will use the elevated roadway, 
arried by a multi-span prestressed concrete bridge some 
700 ft. long with access ramps at both ends. 

This bridge has 13 intermediate supports consisting of 
slain reinforced concrete walls 2 ft. 6 in. thick and 14 ft. 
yin. broad, founded on cored piles. The piers are placed 
o as to give a minimum clearance of 5 ft. 6 in. to the 
xisting rails and divide the bridge length into 11 spans 
yf about 58 ft, and three spans of 30 to 35 ft. 

The deck structure provides a 9 ft. roadway and a 
. ft. 6 in, footpath with service ducts. It consists of a 
yrestressed concrete solid slab requiring the minimum 
tructural depth for the loads envisaged and, therefore, 
mproving the gradient at the access ramps. The slab 
tructure is obtained by placing precast beams of a rect- 
ngular cross-section side-by-side and assembling them 
aterally by means of transverse post-stressing cables. This 
nethod of erection is particularly valuable as it hardly 
nterferes at all with the rail traffic. 

The precast beams, or slab strips, are 12 in. wide and 
6 in. deep, containing two to four Freyssinet cables 
ccording to the span. A 1 in, gap left between adjacent 
nits is packed tight with cement mortar before tension- 
ng the transverse post-stressing cables to form a mono- 
ithic slab. Each span is provided with a reinforced 
oncrete rocker-bearing at one end and a medium hard 
teel roller at the other. 

The carriageway is surfaced with a layer of tar- 
nacadam laid to falls between precast kerbstones. 
u 
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Roads and Haulage 

In large modern, power stations the handling of 
awkward and heavy loads up to 175 tons calls for care in 
planning. 

The road or rail haulier have to-day specially con- 
structed vehicles to deal with such loads. It is therefore 
necessary for the civil engineer to consider the economics 
of the position. If the operation is such that a large 
awkward load has to be positioned once in, say, the life of 
the station, then the haulier can be paid to carry out 
special methods of handling as they are non-recurring— 
but if such loads may be moved several times during the 
life of the station, then the roadways and haulages should 
be such that they are permanently provided. 

Generally speaking ferro-concrete roadways are prefer- 
able to tarmacadam. 

In planning a station such matters must be considered 
early in the design. 


Drainage and Sewage Disposal 
Most of the seven acres. of roof area of the main 
station are drained by leading the rainwater over screed- 
ing and through down pipes, into a channel running along 


the whole length of the lowest roof. The water thus 


collected enters the 24 in. < 12 in. vertical shafts inside 
the end facades and discharge into detritus pits which 
remove grit, etc. and allow the water to be passed over 
weirs into the storm drains. The remainder of the roof 
area is drained by concealed downpipes which are 
syphoned at ground level. The lesser buildings, as well 
as the roads in the immediate vicinity of the station, are 
treated in the more conventional manner. 

The foul water system has its own disposal works to 
avcid polluting the river. Neither foul nor storm drains 
lie under the concrete roads themselves. 

Amenities 

Canteens, recreation rooms, libraries, first-aid, ablution 
and lavatory facilities all play an important part in 
power station design to-day, and are planned most care- 
fully to anticipate staff requirements. 

Weigh houses, a control lodge, fencing and the multi- 
tude of small works which go to complete a modern 
power station have, of course, also been installed. 

Fig. 13 shows the station nearing completion. The 
360,000 kW which the Uskmouth Station will contribute 
to the national grid system can be easily appreciated as 
an important increment in power production. Its ulti- 
mate value in the historical progression whose beginnings 
have been outlined in this paper is, however, not so 
readily seen. But what is clear is that, although it in- 
corporates no revolutionary new processes, those of its 
modest innovations which were before but academic 
speculation have now become established fact, and 
another page of a chapter has been written. 

The Building and Civil Engineering Contracts were 
divided into four main groups as follows :— 

(1) Main Power Station, Switch-House, Roads, 
Bridges, Circulating Conduits, etc.—Messrs. John Morgan 
(Builders) Ltd., Cardiff. 

(2) Railway Sidings—The Isca Foundry Co., Ltd., 
Newport. 

(3) Structural Steelwork—Messrs. Braithwaite & Co., 
West Bromwich. 

(4) River Water Intake and Ancillary Works— 
Messrs. Holloway Bros. (London) Ltd. 


The Consulting Civil Engineers for the whole of the Civil 
and Building Works are Messrs. L. G. Mouchel & Partners 
Ltd., acting in harmony with the British Electricity Auth- 
ority’s Chief Engineer Mr. V. A. Pask, M.1.E.£.,M.1.Mech.£, 
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The Interplay oe Concrere ve sas 
Different Ages in Structural Members 


By Professor Dr. Ing. H. Craemer 


Summary 

The distribution of stresses in old and new concrete in 
compound sections is examined for an instantaneous 
load, after which the redistribution of stresses under 
sustained load and shrinkage is described. The re- 
distribution of stress which takes place in statically 
indeterminate structures when their individual members 
are cast independently and connected later is discussed. 


Effect of Strengthening of a Concrete Member 

If a reinforced concrete section has to be strengthened 
because the working loads have been increased above 
those originally provided for, the original and the new 
parts are stressed in different ways. Even in the simple 


case of a centrally loaded strut strengthened by a, 


concertriasheath, Fig. 1, the stresses are different in the 
two parts. The part of the total load which existed 
before the strengthening was finished will affect only the 
inner, older, part of the strut while the loads applied later 
will stress both old and new concrete. In order to obtain 
as even a stress distribution as possible, the structural 
member in question is usually relieved as much as 
possible of its load during the strengthening process. The 
stress distribution in the two parts of the cross-section 
can be determined without difficulty by applying the 
elastic theory. 

Now, the strains which influence the stress distribution 
increase in the course of time if the load is sustained. 
This time yield, or creep, is greater in new than in old con- 
crete, with the result that there is a redistribution of 
stress over the cross-section causing the stresses in its 
two parts to become more nearly equal. Thus part of 
the load acting before strengthening is transferred from 
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Fig. 1 


Fig. 2 


the older part to the newer. At the same time a load 
applied after strengthening, and therefore acting on both 
parts, tends to transfer to the older, more rigid, concrete. 
These phenomena can be investigated theoretically by 
generalising the stress-strain-law by including the vari- 
ability with time. 

Shrinkage, too, is different in the two parts of a 
strengthened section, as old concrete shrinks less than 
new. By its greater shrinkage the new part induces 
compressive stresses in the older material which increase 
in the course of time, whereas the compressive stresses in 
the new part due to the external applied load tend to 
lessen. The laws governing this phenomenon are 
similar to those concerned with creep under sustained load. 


Until now we have referred to working loads, and 
therefore to stresses which are well below the failure 
point. In the case of an overload, however, the linearity 
of the stress-strain-law is no longer valid for either 
instantaneous or sustained stresses. In the  over- 
stressed parts, the strains increase more rapidly than the 
stresses and, as they transmit these deformations to the 
less affected parts connected with them, the load is 
transferred from the highly stressed parts to the others 
and a further redistribution takes place. 
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What has been already discussed applies in a simila1 
way to any extension of a statically indeterminate 
structure, say, when some more bays are connected with 
an already finished and loaded, continuous beam. In 
such a case the stresses are at first different from those 
ocurring when the entire system has been erected as a 
whole and then loaded; a balance, however, takes place 
in the course of time so that at the end, the different ages 
of the two parts have no longer an important influence. 

The same ideas hold when a cross-section is assembled 
out of individual parts poured at different times, as, fot 
instance, a vault consisting of several rings situated above 
or beside one another. In the following the effects 
described will be examined more elaborately. 


Stresses Immediately after Strengthening 
Suppose a cross-section, Aa, is strengthened by a new 
part, An, with a common centroid and let a normal force. 
N, act concentrically. If the load before strengthening 
is N aa, It produces a stress Naa 
; () oa, = 


In the following discussion the first suffix always denotes 
the cause (a = old load, m = new load, s = shrinkeee) 
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the second one the place of action (a = old, n = new part 


of cross-section). Strictly speaking the stated stresses 
are fictitious as the stress in the reinforcing rods is m 
times that in the concrete, where m is the modular ratio. 

Let the new part of the cross section be 

é (2) vile ame eA ae 
The load applied after the strengthening acts on both 
parts and will therefore be denoted by Nn, a + n; it pro- 
duces the same stress in both parts thus 
N Nn, a oa n 


: es + ) As 
A possible difference in the elastic moduli in old and new 
concrete has been neglected but this however, could 
easily be taken into account. 


= on,atn. 


(3) Ona == Onn = 


Xe) pce 


[a+8,a ‘%aaqo 
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Fig. 4 


We now refer the new load to the original one by 
(4) Nn, + 2 = v Naa. ; 
Without the strengthening, the total load, (x + v) Naa, 
would induce a stress of 


(x + v) Neo 


oc 
i Ai 
in the unstrengthened part Aa. After strengthening, 
however, we get from equations (I), (3) and (4) 
v aa 
Oa oo ay) A (I +- ) . 
ag -f- e Aa 


Now, the efficiency of:the strengthening can be co-~ 


ordinated to a value y = oa + n, a/ola, thus 


Bos at a ere 
5) 1= 


Pape at ey 
Without any strengthening, e = 0, we get y = 1; the 
same, however, is obtained from v = 0, 7.e. by applying 
the whole load before the new part is finished; thus, at 
present, the enlargement of the cross-section seems to be 
of no use, On the other hand, when the section is com- 
pletely relieved during construction and the whole load 
applied after this, by v= cowegety=1/(I+). _ 
The same relations hold good for the action of bending 
moments if both parts of the cross-section have the same 


centroid; » in this case is defined as the ratio of the, 


r 


moments of inertia, @ = Jn/Ia. The stresses at a 
distance y from the common neutral axis using symbols 
corresponding to the previous ones are then 
ot Maa AY 

(6) Saag = and 
y ; Ta 


25 


Mn, a + ay 


(7) Sha = Onn — 
(ec <3 ) Ta 


Stress Transfer in the Elastic State 
(a) Dependence of time-yield on time. 
Let the instantaneous strain be o 
(8) f= 
E 
In connection with the influence of time-yield on the 
stress redistribution, several authors have contended that 
its end value depends only on the end value of the time- 
yield function but not on the intermediate values of the 
latter in the course of time. I have pointed out in a 
previous paper! that this is not correct. We therefore 
have to assume an analytical expression for the depend- 
ence of creep on time or, instead, for the creep velocity, 
v.e. the increase of creep per unit time. We assume, see 


Fig. 2. de a 
(9)= Seo e-« 
dt U 
or, to make the arithmetic easier 
de 
(10) ee oe <3, 6 S=90/u: 
ds 


In this expression ¢ is the age of the concrete (not the 
duration of loading). Thus, with increase in ¢, the creep 
velocity decreases; so the equation expresses the experi- 
mental fact that new concrete is more liable to creep than 
old; at a time ¢ = oothere is no further deformation. 
Since immediately after pouring, 7.c. when ¢ == 0 the 
material has not developed its full strength, the moment 
of sufficient hardening should be defined. 


The time-yield produced within a period ¢ = ¢, to 
t = t, is obtained by integration ¢,-, = 2 « (e — 8 —e 
~ 8); it corresponds to the shaded area in the figure; 
8, and 8, are defined by equation (g). When ?#, = o and 
t, = co which corresponds to an infinitely long loading, 
we get (EU) -Cotesstee = Leo: 
Therefore, « is the rate of increase of the instantaneous. 
strain in the worst case. 
The term wu has the dimension of time. Since, at¢ = 0, 
Eq 

— = — (see Fig. 2), w is inversely proportional to the 
dt u 
initial velocity when the load is applied just after harden- 
ing; the final values of the deformation are not influenced 
by uw. By an appropriate choice of wu, equation (g) can be 
made to agree with experimental results. The author 
has found that roughly (12) wu = 100 days. 
A fuller discussion of the reasons leading to the assump- 
tion of equation (9) is given in a previous paper by the 
author. 
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(b) Stresses due to aload applied before strengthening and 

sustained after it. : 

Again we examine a concentrically strengthened strut 
under the action of a normal load. Lett. = 8 u be the 
difference in age of the two parts of the section, ¢ the age 
of the newer concrete; hence ¢ + fo is the age of the older 
concrete. After strengthening, the deformation of the 

daa Oaa 


+ 


older part will increase by an amount d ca = 
Eu 


ce (8 + 8) dt during an interval dt; the first term is 
the instantaneous strain due to the change of stress, doaa, 
the second is the time-yield according to equation (10). 
Instead we can write (8 4 80) 

(13) Ed ca, = Aoaa + “aa € eas 
Correspondingly for the new part 

(14) Ed can = doan + «oan € ~ 5d8 is obtained. 

Now, if the normal force is kept constant during the 
redistribution, we have 

(15) doaa + edoan = 0 
or, by integration 

(x6) Saa + 9Can = Gaao, 
caso being the stress in the original part at ¢ = o since at 
that moment no load has been transferred to the new 
part, 6, Gan —= O.ANG Cag =s0Caace 

Now, provided the bond is perfect, dean = d €aa, 1.e. the 
two parts can deform only together. By taking this into 
account in equations (13) and (14) and inserting equation 
(16), we get a differential equation in oaa and 8; 
the mathematical work involved has _ been 
described earlier.” 


Fig. 6. 


The result can be expressed in the form 

(17) Gaa/Saao == fea (pe; a, So, 8) and 

(18) San/ Saao = fan (e, a, So, 8). 

A numerical evaluation will be given later on. The 
same relations hold good for bending stresses and a 
strengthening by p = Jn/J. with the same centre. 

(c) Stresses due to sustained load on a strengthened cross- 

section. r 

A similar stress transfer to that described above 
occurs when after strengthening the total section is 
loaded. At the time when this ‘“‘ new load ”’ is applied, 
the stress in both parts is on, a + n by equation (3); the 


subsequent increase occurring in the older, thus more © 


rigid, concrete depends not only on 8 and 3, but also on 
the time fn = “8n which has elapsed between the harden- 
ing of the new part and the application of the load. The 
solution therefore can be written 
(19) Gna/ On, a n — /na (pe, %, So, Sn, 5) and 
(20) Gnn/Gn, an ee (e, a, So, Sn, 5) 
for which numerical values will also be given. 
(d) Dependency of shrinkage on time, 
A law similar to equation (10) can be assumed : 
d Eg 
(21) — = fe -5, 8 =7/u, 
as 
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es being the shortening per unit length after a period ¢ 


the case of unrestrained shrinkage. The time w has tl 
same meaning as discussed in paragraph (a); lat 
we shall, for-convenience, assume that the w’s for cree 
and shrinkage are the same. By integrating betwe: 
the limits o S 3 S wwe get « = 8, 8 thus being tl 
strain due to free shrinkage after an infinite time. V 
further introduce a term (22) o; = £8 representing tl 
tensile stress in a concrete member if its ends were 1 
strained from moving and if there was no relaxation di 
to creep. 

(e) Stresses duc to shrinkage in a compound cross-sectto 

The contraction of the original part due to shrinka 
and the stresses induced thereby increases during 


period dt by 
dosa Osa 
d ts, = + (a Bye he Solas, 
E E 


the first term on the right being the instantaneous stra 
resulting from the change in stress, dosa, the second is f! 
creep due to osa, and the third the shrinkage itse 
Instead we can write mira 

(23) Eden tod, + Meo Ghee Cas 
and correspondingly for the new part, 

(24) Bd cant doen = (aogn + os) e~9d8. 

Similarly to equation (15) we have dosa + edosn = 
As désa == deen, we can get, by combining the abo 
equation with equations (23) and (24), a differenti 
equation for either osa Or osn. The 
solutions can be presented 
the form 


Fig. 7. Fig. 8. 


(25) osa/os = fea (0, %, 80, 8) and 
(26) osn/ os = fen(p, %, 80, 8). 


(f) Evaluation. 

In the following, a numerical evaluation of equatio 
(17), (18), (19), (20), (25) and (26) will be given. 
average creep can be estimated by « = 4. Stresses d 
to shrinkage can be referred to the original stress | 
(27) os = Acaac. For a normal shrinkage os; is abo 
800-goo psi as I have pointed out on another occasio 
since this is near to the usual working stress of a strut, | 
putting 4 = 1, avalueis obtained which, for the purpc 
of the example, sufficiently coincides with practice. F 
comparison, however, the figures for « = 0 and 4 = 
t.e. for a concrete without either creep or shrinkage, ¢ 
added. In the sketches, all the heavy lines represent t 
stresses in the original part of the cross-section and t 
broken ones refer to the new part. 

Fig. 3 refers to a load applied before strengtheni 
plus the effect of shrinkage according to equations (1 
(18), (22), (25), (26), and (27); it illustrates the depe 
dency on time, 7.¢. on 8. Now An = Aa, thus p = I, a 
80 = I, thus a difference in age of roughly 100 days aft 
equation (12), has been assumed. It is seen that, 2 


_ days after strengthening (3 = 2), the stress transfer 


jk Oe a ial as 


nearly complete. It is further seen that, in the case of a 
concrete not subject to creep (4 = I, « = 0) the older 
part is compressed more and more while the new part is 
stressed in tension; thus the strengthening would be 
completely useless in the working state (not, however, at 
failure). If the yield with time is taken into account 
(« = 4), the stress decreases in the old concrete but in- 
creases in the new; the old concrete, however, still 
carries a stress of three times that in the new even if 
there is no shrinkage; the balance, therefore, is far from 
being complete. 

In the following figures only the end values are stated 
({= 8= o). Fig. 4, again, refers to a sustained load on 
the original section plus shrinkage, the influence of and 
of the difference in age, expressed by 80, being examined 
on the assumption « = 4,2=1. Ifthe difference in age 
is small, 8, <1.6 the redistribution is the more distinct the 
greater the rate of strengthening, ». Beyond that, 
80 >1.6, thus, with differences in age of more than 160 days 
the harmful influence of shrinkage prevails and the older 
concrete is further stressed instead of being relieved, the 
effect becoming greater with increase in the amount of 
new concrete added to the section. 

The end values of a stress redistribution due to a load 
applied after strengthening are plotted in Fig. 5, the 
differences in age being assumed as 8, = 1. According to 
equations (19) and (20) the time ta = wn between 
strengthening and loading is involved. If 500 days are 
waited (82 = 5), a redistribution no longer takes place 
and a sustained load behaves like an instantaneous one. 
If a load is applied early as in practice, however, an 
appreciable part of it is carried by the older material. 


Redistribution of Stresses due to Overload 

Concrete does not obey Hooke’s law, its strain-stress- 
relation has nearly the shape shown in Fig. 6. In order 
to make the mathematical work easier and the inter- 
pretation of the phenomena clearer, a purely elastic and 
a purely plastic range of deformation may be assumed 
according to the inclined and horizontal broken lines. 
The plastic range can be limited by <p = about 0.001; if 
the lateral expansion of the piece is prevented, say by 
spiral reinforcement, a multiple of this value is reached. 
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Fig. 9 


Now, assume a strut to have certain stresses oa in the 
old part, and on in the new, due to the original load, new 
load and shrinkage. Let an additional load, AN, be 
applied and increased until failure occurs. Since oa is 
always >on, the old material first reaches its breaking 
stress. This, however, does not yet mean that the strut 
itself fails, since now the old material deforms plastically 
while the new still remains elastic, see Fig. 7. 

If now, the distance between the two deformation 
lines is not greater than ep, the new concrete will overtake 
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the older and, for its part, reach the breaking stress. It 


is not before this point is reached that a further increase 

of loading is impossible, the strengthened column thus 

has the same ultimate bearing capacity as if the whole 

cross-section had been constructed at the same time. 
Oa — On 


Thus, as long as «» = , the bearing capacity at 


E 
failure can be computed regardless of the initially 
different stresses in the two parts, see Fig. 7. Under the 
very unfavourable assumption o, — on = 1,500 psi and 
E = 3,000,000 psi, ep = 0.0005 is obtained; this value is 


{ 
! 
Fig. 10 { ‘ 


Fig. 11 


reached in any case. In the region of failure, therefore, 
the behaviour of a strut is independent of the difference in 
age of the parts making up its cross-section and of the 
sequence, magnitude and duration of the individual 
loadings. 
Moreover, Fig. 8 illustrates that the gradually in- 
creasing stresses are dependent on the increases of load, 
AN; as long as both parts of the cross-section remain in 
an elastic state, the lines ca and on are parallel. After on 
has become equal to the failure strength, on will increase 
more rapidly until the new part is also stressed to failure 
and thus the ultimate load is reached. Since, in reality, 
the stress-strain line in Fig. 6 is curved, the corners in 
Figs. 7 and &, strictly speaking, have to be rounded off. 


Construction of Statically Indeterminate Systems. 
by Segments . 

Statically indeterminate systems, especially con- 
tinuous beams, are frequently erected in two or more 
segments which are connected after removal of the form- 
work; this procedure is particularly favoured for two- 
span hangars and bridges. If in this way the joint over 
the middle support is closed after removal of the form- 
work of both bays, there will be no bending moment at 
the support due to self weight. Since this bending 
moment often causes difficulties in design, it is hoped in 
this way to obtain a valuable reserve for carrying the 
subsequently applied live load, Fig. 9. 

Now, the deformations on which the magnitude of the 
redundant forces in statically indeterminate structures 
depend, occur only partially at the instant the load is 
applied, 7.e. on removal of the formwork. It at this time 
the concrete is comparatively fresh, the main deformation 
will take place some considerable time later. If, there- 
fore, the joint is connected soon after removal of the 
formwork, the greatest part of the deformation will take 
place in the connected system. A more elaborate 
investigation? shows that the moment at the support, 
which it was intended to remove, will rise to almost its 
full value after some time, the closing line thereby being 
changed in the manner shown in Fig. 10. 
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Thus, in order to remove this negative moment 
completely, it would be necessary to wait until the con- 
crete ceases to be liable to creep, that is to say, almost a 
year. A similar reasoning holds when the formwork is 
removed from one span first, then the joint connected 
and later the formwork removed from the second span. 
If the age of the two spans is different, the behaviour can 
be examined in a similar way. 

The concrete tension members of reinforced concrete 
trusses is frequently poured after the supports have been 
removed from the truss. If itis a roof, the load.on which 
consists mainly of its own weight, the greater part of the 
tensile force thus acts before the concrete of that member 
is poured. The designer thus intends not only to avoid 
cracks but also to eliminate the bending moments which 
occur especially in concrete trusses as a result of the stiff 
joints and the relatively great moments of inertia. It is 
true that, as the reinforcing rods have no stiffness, there 
are no bending moments at the joints just after pouring. 
Since, however, the deformations continue, subsequently 
induced moments are almost as great as if the whole 
structure had been concreted before removal of the 
supports. 
methods gain only a small part of the advantages with 
which they are credited as a result of insufficient con- 
sideration of the time-yield. 
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Under normal conditions, therefore, these 
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This Mala tions changes near the failure point. Th , 
redundant forces in indeterminate systems mostly differ 
materially from those computed by the elastic theory. 
Suppose, for instance, the beam of Fig. 9 is designed in 
such a way that. after the stress redistribution due to 
creep and shrinkage is completed, the stress in the rein- 
forcement over the support is greater than that in the 
other. sections; in the event of an overload the yield 
stress will be reached first at this place. If the load is 
raised further, the moment at the support can no longer 
increase and a so-called plastic hinge will form itself at 
that section. For equilibrium the moments in the spans 
must increase more rapidly than the loads, that is, the 
bending moment diagram will change as shown in Fig. IT. 
Finally, the reinforcement in the span, too, is stressed to 
the yield point and it is not before this that a further 
increase of the load becomes impossible. Thus, at 
failure, a further redistribution of stresses results, the 
final values of which are independent of the foregoing 
redistributions due to creep and shrinkage. 
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GROYER,, Edward, B.Sc.(Eng.) Cape Town, of Johannes- 
burg, South Africa. 
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Harrison, Edward, of Hatton, Derbyshire. 

LEE, Gerald Stanley, of Prestwich, Manchester. 

LIGHTBAND, Michael Stuart, B.Sc.(Eng.) London, 
A.M.1L.C.E., of Karachi, Pakistan. 

MAILLARDET, Roy, of London. 

Mann, Frank Thomas, B.Sc.(Eng.) London, of Hastings, 
Sussex. 

OrME, Donald Harrison, M.A. Cantab, of Birmingham. 

Rupp, Arthur Claude, of Dunedin S.W.1. New Zealand. 

SCHAFFNER, Robert Hastings, B.Sc.(Civil) Rand, of 
Johannesburg, South Africa. 

SHAH, Navinchandra Ambalal, B.E.(Civil) Bombay, of 
Baroda, India. 

SHVARTZ, David Itzhak, of Tel-Aviv, Israel. 

StocH, Solly Gerald, B.Sc.(Eng.) Rand, of Johannesburg, 
South Africa. 

WaRNER, John Spearman, B.Sc.(Eng.) South Africa, of 
Johannesburg, South Africa. 


Wyatt, Christopher Terrel, B.Sc.(Eng.) London, of 


Clevedon, Somerset. 


Associate Members to Members 
BunciarK, Cyril Henry, B.Sc. London, A.M.I.C.E.,_ of 
Purley, Surrey. 
MaTHEwson, Kenneth Douglas, B.A.(Hons.) Cantab, 
M.1.C.E., of Singapore. 
New, Dudley Holt, B.Sc.(Eng.) London, M.LC.E., 
A.M.1.Mech.E., of London. 


RE-ADMISSIONS 
Associate-M embers 
FirtH, Harry, of London. 
SUBRAMANIAN, Venkatrama, B.E. Madras, A.M.I.C.E., of 
Madras, India. 


OBITUARY 
The Council regret to announce the deaths of Charles 
Simpson McNeEILL (Member); George Arthur MITCHELL 
(Retired Member); Christopher Frederick Edward 
BLACKMAN, Harry PoveER (Associates) ; Norman Talbot 
Facc, Wiliam Smirx, William Wi1p_  (Associate- 
Members). 


EXAMINATIONS—JULY, 1952 
OVERSEAS CENTRES 

The Institution’s Examinations were held in July, 
1952, in Auckland, Baghdad, Beirut, Bombay, Bulawayo, 
Cairo, Calcutta, Cape Town, Christchurch, Colombo, 
Durban, Dunedin, East London (South Africa), George- 
town, Hong Kong, Jerusalem, Johannesburg, Kaduna 
(Nigeria), Karachi, Kirkuk, Kisumu (Kenya), Kuala 
Lumpur, Lagos, Lucknow, Melbourne, Mombasa, Nairobi 
Penang, Port Elizabeth (South Africa), Salisbury 
(Southern Rhodesia), San Francisco, Singapore, Sydney, 
Tel-Aviv, Wellington (N.Z.). 

Forty-three candidates entered for the Graduateship 
Examination and 71 for the Associate-Membership 
Examination, making a totalof114. Of these, 30 passed 
the Graduateship Examination and 34 passed the 
Associate-Membership Examination. 

The names of the successful candidates are :— 

GRADUATESHIP EXAMINATION 
ATKINSON, Frank Brian 
BANERJEE, Subodh Chandra 
Bosman, Edward Albert 
BotumMa, Kenneth Harold 
CareEY, Dudley Layton 
Davib, Solomon Arulanandam 
DHARWARKAR, Prabhakar Dhondopant 
Du Torr, George Alfred 
Du Torr, Pieter Schalk 
EFFIONG, Maurice Okon 
FOTHERINGHAM, John Henderson 
FrANcIs, Herbert Bramwell 
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GARG, Banarsi Das 

GOH JOON YAP 

Lonericc, Thomas Derek 
MEINEKE, Cyril Christopher 
Morcoo, Peter John 
Naman, Ihsan 

READMAN, Ernest Victor 
SINGH, Jattan 

SINGH, Sarwan 

STARR, Kenneth 

SULLIVAN, Eric Harold 
SUTHERLAND, Alexander John 
TALEB, Jameel Nazih 

TIEW YEW SENG 

Towson, Valentine Geoffrey 
TUCKER, Kenneth Charles 
TurToN, Kenneth 
TWADDLE, Jan Edward 


ASSOCIATE-MEMBERSHIP EXAMINATION 
ASHER, Peter John 
Au S1k LING 
BHANDARKAR, Prafullachandra Ganesh 
Bucuan, Alan James 
Burton, Robert Bentley 
CHEN SHAN-CHUANG 
CHRISTIE, Dennis 
COHEN, Stanley Ernest 
Davis, Elsbury John 
DreEw, Ryszard Bronislaw 
EISINGER, Gerhard 
GRAFF, Jacob Yehuda 
GROYER, Edward 
HALSALL, Robert 
Hanna, Louis Demian 
Hitt, John Alexander 7 
JOHANSEN, Cecil Clifton 
Larnc, Gordon Smith 
Liao CHUNG CHOU 
LIGHTBAND, Michael Stuart 
Lowe, Robert William 
Mirvis, Lionel 
Naman, Ihsan 
PaARKYN, John Roy 
Patwa, Sohrab Navalshaw 
Rupp, Arthur Claude 
SCHAFFNER, Robert Hastings 
SHAH, Navinchandra Ambalal 
SHIROMANI, Shriman Rai 
SHVARTZ, David Itzhak 
STANDER, Ruben 
Stocu, Solly Gerald 
WARNER, John Spearman 
WHITFORD, Eric Thomas 


PRIZE EISL 

The Council have awarded the following prizes 
connection with the examinations held in July, 1952 : 

ANDREWS Prize. (For the candidate who obtains t 
highest aggregate of marks in the Associate-Membersh 
Examination, passing in all subjects.) 

Graham KINDER, of Stockport. 

HussBaAnD Prize. (For the candidate who takes t 
whole of the Associate-Membership Examination, pass 
in all subjects, and obtains the highest marks in the par 
“ Structural Engineering Design and Drawing.’’) 

Michael Ernest BRYANT, of Beckenham, Kent. 

WALLACE PREMIUM (SENIOR). (For the candida 
who takes the whole of the Associate-Membersh 
Examination, passes in all subjects, and obtains t 
highest marks in the paper “ Theory of Structur 
(Advanced).”’) 

Graham KINDER, of Stockport. 
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WALLACE PREMIUM (JUNIOR). (For the most success- 
ul candidate in the Graduateship Examination, passing 
a all subjects.) 

Douglas James BATEMAN, of Chessington, Surrey. 


EXAMINATIONS—JANUARY, 1953 
The Examinations of the Institution will next be held 
t centres in the United Kingdom and overseas on 
anuary 6th and 7th, 1953 (Graduateship) and January 
ith and gth (Associate-Membership). 


FORTHCOMING MEETINGS 
The following meetings will be held at 11, Upper 
3elgrave Street, London, S.W.r1. 
Thursday, January 8th, 1953 

Joint Meeting with the Reinforced Concrete Assoc- 
ation at 6 p.m., when Colonel A. R. Mais, O.B.E., T.D., 
md Mr. A. C. Little will give a paper on “ The Con- 
truction of Eight Prestressed Concrete Tanks.”’ 

Thursday, January 22nd, 1953 

Ordinary General Meeting for the election of members, 
55 p-m., followed by an Ordinary Meeting at 6 p.m., 
vhen Mr. B. A. E. Hiley, M.I.C.E. (Member of Council) 
vill give a paper on “ Electricity Generating Stations.”’ 


Thursday, February 12th, 1953 
Ordinary Meeting at 6 p.m., when Dr. F. G. Thomas, 
{.1.C.E. (Member of Council) will give a paper on “ The 
strength of Brickwork.”’ 


Thursday, February 26th, 1953 
Ordinary General Meeting for the election of members, 
55 p-m., followed by an Ordinary Meeting at 6 p.m., 
vhen Mr. P. L. Capper, T.D., M.Sc., A.M.I.C.E. (Member 
f Council) will give a paper on “ Soil Mechanics in 
elation to Structural Engineering.”’ 


Thursday, March tath, 1953 
_ Joint Meeting with the Institute of Welding, at 6 p.m., 
vyhen Mr. E. M. Lewis will give a paper on ‘“‘ The Con- 
truction of the new Testing Laboratory of the British 
Velding Research Association at Abington.” 


Thursday, March 26th, 1953 
Ordinary General Meeting for the election of members, 
.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
fhen Professor A. G. Pugsley, O.B.E., F.R.S., D.Sc., 
f.1.C.E., F.R.Ae.S. (Vice-President) will give a paper on 
A Simple Theory of Suspension Bridges.”’ 
Members wishing to bring guests to the Ordinary 
feetings announced above are requested to apply to the 
ecretary for tickets of admission. 


JOURNAL CASES AND BINDING, 1952 

A binding case can be supplied for the twelve issues of 
he Journal, January-December, 1952 (Vol. 30), price 
1/6d. post free. The price for binding volumes is 
2/6d. per volume, inclusive. This is for the half-leather 
inding which has been in use for some years. 

It is requested that all parcels and Journals forwarded 
or binding should bear the name, address and rank of the 
aember concerned. All volumes for binding must be 
espatched to the Institution by March 31st, 1953. 

An Index will be included in all volumes bound. This 
ndex will not be generally distributed, but members and 
thers wishing to have a copy should apply to the 
ecretary. 

DRURY MEDAL AWARD 

‘The fourth competition for the above award will take 
lace in 1953. The subject is the design of the structure 
f a new factory building. The material of construction 
; entirely at the choice of the competitor. The compe- 
ition has been designed to encourage ingenuity of 
tructural arrangement. Economy in the use of steel is 
n important feature of this year’s competition. 
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Graduates and Students of the Institution who wish 
to compete are invited to apply for full details to the 
Secretary; envelopes to be marked in the top left-hand 
corner, ‘‘ Drury Medal Award.”’ 

The closing date for the competition is October st, 
1953- 

The general conditions of the competition are as 
follows :—- 

I. The competition shall be for Graduates and 
Students of the Institution of not more than 25 years 
of age. : 

2. The subject of the competition shall be a design of a 
structural character, that is to say, primarily structural 
design, not planning. 

3. The subject of design and conditions shall be 
prepared and issued biennially by a group of five mem- 
bers appointed by the Council. 

4. The Literature Committee shall appoint a Jury of 
not less than five to examine the works submitted and 
to interview candidates, if found necessary. 

5. In order to show that the work submitted is solely 
the work of the competitor, the documents submitted 
shall be countersigned by a corporate member of the 
Institution, or failing this, shall be accompanied by a 
declaration on a prescribed form signed by the candidate 
in the presence of a Justice of the Peace or a Commis- 
sioner for Oaths. 


MACLACHLAN LECTURE COMPETITION, 1953 

The closing date for the receipt of entries for the next 
MacLachlan Lecture Competition will be Tuesday, 
March 31st, 1953. Particulars of the Competition are 
as follows :— 

1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the MacLachlan 
Lecture and to be held annually. 

2. The subject of the Lecture may be on any aspect 
of Structural Engineering so long as in every second 
year the subject shall be confined to steel structures. 
(1953 is one of these years.) 

3. Entrance into the competition for the Lecture 
shall be confined to Associate Members of the Institution, 
who are under the age of 32 years. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the 
Council of the Institution, and all such papers (including 
the prize-winning Lecture) shall be available for publica-. 
tion in the Journal of the Institution at the discretion 
of the Council. 

5. No paper submitted shall have been published or 
read elsewhere. 

6. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of {17 ros. od. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit he will receive a consolation 
award of £5. 

8. In the event of there being no winner of the 
competition in any one or more years, whether because 
no lecture submitted is considered to be of sufficient 
merit to warrant award, or for any other reason, the 
Institution shall transfer these sums to the Research 
Fund of the Institution. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 

The next meeting of the Section will be held at 11, 
Upper Belgrave Street, London, S.W.1., on Tuesday, 
27th January, 1953, at 6 p.m., when the President of the 
Institution, Mr. E. Granter, B.Sc.(Eng.), M.I.C.E., 
M.1.Struct.E., will give an address. It is hoped that as 
many members of the Section as possible will attend the 
meeting. © 
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Hon. Secretary: C, Allen Brown, 43, Coolgardie 
Avenue, Highams Park, London, E.4. 


INSTITUTION REPRESENTATIVES 
AUSTRALIA 

Victoria and New South Wales—A. J. Francis, 
M.Sc.(Eng.), B.Sc., A.M.LC.E., A.M..Struct.E., Civil 
Engineering Dept., The University, Melbourne, N.3. 
Victoria, Australia. 

Queensland—E. Snowden, B.Eng., A.M.1.C.E., 
A.M.1.Struct.E., c/o Department of Works, City Hall, 
Brisbane, Queensland, Australia. 

BRITISH WEST INDIES 

W. S. Sharp, A.M.I.Struct.E., Department of Works 
and Hydraulics, 1, Edward Street, Port of Spain, 
Trinidad. 

CANADA 
Pain Pratley,.. Dine, “MTC ae MT Stret.2 4900; 
Drummond Building, St. Catherine Street West, Mont- 
real, Quebec. 

CEYLON 

N. Wynne-Jones, C.B.E., F.R.LB.A., M.D.Struct.E., 
P.W.D., Colombo, Ceylon. 

EAST AFRICA 

Ravpese Mare, Moc) - AGW Dr. Ce A MAGE 
A.M.1.Struct.E., Public Works Department, Dar-es- 
Salaam. 

HONG KONG 

Stier ads i Faber VAC ECs. Bises) ACG eC be: 
M.1.Struct.E., M.Am.Soc.C.E., 301, Princes Building, 
Chater Road, Hong Kong. 

; INDIA 

Bombay—H. S. Batlivala, B.E., M.I.Struct.E., Concrete 


_ Association of India, 1, Queens Road, Bombay, 2, India. 


H. Foster King, M.1-Struct.E., F.R.I.B.A., Chartered 
Bank Building, Fort, Bombay, t. 

Calcutta—J. Chambers, O.B.E., M.C., M.I.C.E., 
MAU Struct: bh) “Artistry House, *»'15;, Park “Street, 
Calcutta, 16. 

Roorkee—Dr. C. A. Hart, T.D., D.Sc.(Eng.), M.I.C.E., 
F.R.1.C.S., A.M.LStruct.E., Vice-Chancellor’s Lodge, 
University of Roorkee, Roorkee, U.P., India. 

ISRAEL 

M. S. Gilutz, B.Sc.(Eng.), M.L.Struct.E., A.M.I.C:E., 
24, Achad-Haam Street, Tel-Aviv. 

NEW ZEALAND (NORTH ISLAND) 

S. Irwin Crookes, Junr., B.A., M.I.Struct.E., Auckland 
University College, School of Architecture, Auckland, 
an. 

NEW ZEALAND (SOUTH ISLAND) 

C. W. Hamann, M.1.C.E., M.I.Struct.E., Messrs. Camp- 
bell and Hamann (Consulting Engineers), 136, Manchester 
Street,Christchurch, C.1. 

PAKISTAN (WEST) 

H. Holman, M.J.Struct.E., A.I.E.E., Messrs. Killick, 
Nixon & Co., Ltd., Bombay Company Building, Wallace 
Road, (P.O. Box 729), Karachi 2, Pakistan. 

SINGAPORE 

K. _D. Mathewson, B.A.(Cantab.);  M.I.C.E,, 
M.EStruct-E. £10 Messrs. Redpath, Brown & oo) fences 
P.O. Box 648, Singapore. 

SOUTHERN RHODESIA 

K. G. Stevens, M.I.C.E., M.I.Struct.E., 721/2, Rhode- 

lect House, P.O. Box 1669, Salisbury, Southern Rhodesia. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The following meetings have been arranged :— 
Tuesday, January 13th, 1953 
Joint Meeting with the Institute of Welding, Liverpool 
and District Branch, when the 1951 Larke Medal Paper 
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on “ Continuous Welded Structures, bey Works, Po 
Talbot’ will be given by Mr. W. S. Atkins, B.S 
M.1.C.E., M.Inst.W., at the Liverpool College of Tec 
nology, at 7 p.m. 

Wednesday, January 28th, 1952 

Mr. Ronald Oates (Graduate) on “ The Structur 
Design of the Medieval Cathedral.” 

Tuesday, February 24th, 1953 

Mr P2eW:e Rowe;-+B:se., 2) Phe iy Ae Gra 

“ Developments in the Design of Sheet Pile Walls.” 
- Thursday, March 26th, 1953 

Joint Meeting with the Institution of Civil Enginee1 
North Western Bec Bor (Details to be announce 
later.) 

All meetings, neces otherwise stated, will be held : 
the Reynolds Hall, College of Technology, Mancheste 
at 6.30 p.m., preceded by tea at 5.45 p.m. 

Hon. Secretary: A. S. Sinclair, A.M.I.Struct.§ 
24, Kenwood Road, Stretford, Lancs. : 

MIDLAND COUNTIES’ BRANCH 
The following meetings have been arranged :— 
Friday, January 23rd, 1953 

Dr. K. Hajnal-Konyi, -A.M.I.C.E., (Member) « 

“ Recent Applications of Shell Concrete Construction : 
England and Wales.”’ 


Tuesday, February 1 6h, 1953 

Mr. O. W.. Jones, BSc... A.MLCE. (Member 
“ Reinforced Concrete Foundations and Structures f 
Blast Furnaces and Materials and Handling Plant ; 
Shotton, Nr. Chester,’’ at the King’s Hall, Queen Stree 
Derby, at 7 p.m. 

Finiday, February 27th, 1953 
Mr. N. T. Grant on “‘ Experiences with Concrete.” 
Friday, March 27th, 1953 

Details to be announced. 

All meetings, unless otherwise stated, will be held : 
the James Watt Memorial Institute, Birmingham, ; 
6 p.m. 

Toe Secretary : L. A. Firminger, A.M.1.Struct.E 
656, Chester Road, Erdington, Birmingham, 23. 

MIDLAND COUNTIES’ BRANCH 
GRADUATES’ AND STUDENTS’ SECTION 
The following meetings have been arranged :— 


Fniday, January 30th, 1953 

“ Further Recent Midland Structures.” 

Descriptions of rebuilding of Marshall & Snelgroves ar 
C. & A. Modes (War Damage); Birmingham Technic 
College (Steel Frame Building); Grosvenor Hous 
Birmingham (Foundations). 


Tuesday, March 31st, 1953 
Annual General Meeting. 
All meetings to be held in the James Watt Memori 
Institute, Birmingham, at 7 p.m. 
Hon. Secretary : F. G. Fletcher, 60, Brean Avenu 
South Yardley, Birmingham, 26. 
NORTHERN COUNTIES’ BRANCH 
The following meetings have been arranged :— 
Tuesday, January 6th, 1953 
Joint Meeting with the Institution of Civil Enginee 
at Middlesborough. 
Wednesday, January 14th, 1953 
Joint Meeting with the Northern Architectur 
Association at Newcastle. 
Tuesday, February 3rd, 1953 
Mr. B. A. E. Hiley, M.I.C.E., (Member of Council) ¢ 
“Electricity Generating Stations,” at Middlesboroug! 
Wednesday, February 4th, 1953 
The above meeting will be repeated at Newcastle. 
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Tuesday, March 3rd, 1953 

Ladies Guest Night at Middlesborough. 

Wednesday, March 4th, 1953 
Ladies Guest Night at Newcastle. 
Tuesday, March 31st, 1953 

Annual General Meeting. 

All meetings commence at 6.30 p.m., the Middles- 
porough Meetings being held at the Cleveland Scientific 
and Technical Institution, Corporation Road; and those 
at Newcastle in the Neville Hall, near the Central 
Station. 

Hon. Secretary: O. Lithgow, A.M.I.Struct.E., 4, 
Stoneleigh Avenue, Acklam, Middlesborough. 

NORTHERN IRELAND BRANCH 
The following meetings have been arranged. :— 
Monday, January 19th, 1953 

Joint Meeting with the Institution of Civil Engineers, 
Northern Ireland Association. Mr. Harold E. Sidwell, 
M.Sc., A.M.I.C.E., on “‘ Reinforced Concrete Building in 
Brazil,’ at Queen’s University, Belfast, at 5.45 p.m. 

Tuesday, February toth, 1953 

Annual Dinner and Social Function. 
President and Secretary of the Institution. 
Counties Hotel, Belfast, at 6.30 p.m. 

Tuesday, March 3rd, 1953 

Mr. J. C. Malcolmson, B.Sc. (Member), on ‘“ Recent 

Developments in Prefabricated Concrete Structures.” 
Tuesday, March 31st, 1953 

Annual General Meeting. 

All*meetings, unless otherwise stated, will be held in 
the College of Technology, Belfast, at 6.45 p.m., preceded 
by tea at the Overseas League premises, Wellington 
Place, Belfast at 6 p.m. 

Hopes secretary: S. Duckworth, M.1.Struct.E., 
“ Lisleen,”’ 13, Finaghy Road North, Belfast. 

SCOTTISH BRANCH 
The following meeting has been arranged :— 
Wednesday, March 18th, 1953 

Mr. H. Nelson, B.Sc., A.R.T.C., on “ Tension Members 
n Engineering Structures’’ at the Royal Technical 
-ollege, George Street, Glasgow, at 6 p.m. 

Hon. Secretary : D.G. Drummond, B.Sc., M.I.Struct.E. 
A.M.I.C.E., rr, Woodside Terrace, Glasgow, C.3. 

SOUTH WESTERN COUNTIES’ BRANCH 

The following meetings have been arranged :— 

Friday, January 23rd, 1953 

Mr. Leslie Richardson, A.M.I.C.E. (Associate Mernber), 
m ‘‘Construction of Two Power Stations in the South- 
West.” 


Visit of the 
At Northern 


Friday, February 6th, 1953 
ae F. R. Bullen, B.Sc., M.I.C.E. (Member of Council), 
“ Unusual Design for a Large Constructional Shop.” 
™ meetings will be held at the Duke of Cornwall 
Hotel, Millbay, Plymouth, at 7 p.m. 

Hon. Secretary : E. W. Howells, M.I.Struct.E., c/o 
Messrs. T. L. Harding & Sons, Ltd., 10-12 Market Street, 
Torquay , Devon. 

WALES AND MONMOUTHSHIRE BRANCH 

The following meetings have been arranged :— 

Wednesday, January 21st, 1953 
Junior Members Evening at Swansea. 
Wednesday, February ede 1953 

Mr. D. Manolopoulos (Member), on “‘ Report on the 
jth Congress of the International ie eaatian for Bridge 
und Structural Engineering,” at Swansea. 

Tuesday, February 17th, 1953 

The above meeting will be repeated at Cardiff. 

. Wednesday, March rth, 1953 

Mr. J. R. M. Ewen, B. ie on * Tubular Structures,” 

it Swansea. 
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Tuesday, March 17th, 1953 
The above meeting will be repeated at Cardiff. 
Friday, March 27th, 1953 
Branch Annual Dinner at Swansea. 
Meetings in Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, at 6.30 p.m. 
Meetings at Swansea will be held at the Mackworth 
Hotel, at 6.30 p.m. 
Hon. Secretary: -G. -R. Brueton, - A.M.I.C.E., 
A.M.1.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. 


WESTERN COUNTIES’ BRANCH 

At the Opening Meeting of the Session held in the 
University of Bristol on Friday, October roth, members 
had the pleasure of meeting the President and Secretary 
of the Institution. The Chairman, Mr. E. N. Underwood 
B.Sc.,. M.I.C.E. (Member), presented his address 
“ Problems in Practice,’ and a vote of thanks was given 
by Mr. J. W. Lorraine (Member). 

After the meeting, the Chairman and members of the 
Branch entertained the President and Secretary at an 
informal dinner in the Royal Hotel, Bristol. 

The following meetings have been arranged :— 

Friday, January 2nd, 1953 
Mr. F. R. Bullen, B.Sc., M.I.C.E. (Member of Council), 
n “ Unusual Design for a Large Constructional Shop.”’ 
Friday, February 6th, 1953 

Mr. F. G. Clarke (Associate Member), on “‘ Some Local 

Contracts and Welded Steelwork for a Bus Garage.” 
Wednesday, February 18th, 1953 

Annual Dinner. 

Thursday, March 5th, 1953 

Combined Meeting with the Institution of Civil 
Engineers. Mr. L. Richardson, A.M.I.C.E. (Associate 
Member), on “ Plymouth ‘B’ Power Station,” at the 
Reception Room, University of Bristol, at 5.30 p.m. 
Tea at 5 p.m. 

All meetings, unless otherwise stated, will be held in 
the University of Bristol, Geology Lecture Theatre 
(entrance University Road), at 6 p.m., preceded by tea at 
5.30 p.m. 

Hon.. Secretary : E. Hughes, A.M.I.Struct.E., 39, 
Effingham Road, St. Andrew’s Park, Bristol, 6. 

YORKSHIRE BRANCH 
The following meetings have been arranged :— 
Wednesday, January 21st, 1953 

Mr. Donovan H. Lee, B.Sc., M.I.C.E., M.I.Mech.E., 
M.Am.Soc.C.E., (Member of Council), on ‘! Design of 
Prestressed Concrete.” 

Wednesday, February 18th, 1953 

Dr. S. Mackey, M.E., B.Sc., A.M.LC.E.L, (Associate 
Member), on ‘“‘ Secondary Stresses in Steel Bridge 
Girders.”’ 

Wednesday, March 18th, 1953 

Mr. H. E. Manning, B.Sc., M.I.C.E. (Member of 
Council), on ‘‘ Report on the Papers given on Concrete 
Shell Roofs in London, July, 1952.” 

All meetings will be held at the University, Leeds, at 
6.30 p.m. 

Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 

UNION OF SOUTH AFRICA BRANCH 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.LC.E., 
A.M.1.Struct.E., P.O, Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted at the City En- 
gineer’s Department, City Hall, Johannesburg. ’Phone : 
34-1111, Ext. 257. 

Natal Section Hon. Secretary: E. G. Bennett, 
A.M.1.Struct.E., c/o Reinforcing “Steel Co., Ltd., P.O. 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E., 
P.O. Box 1692, Cape Town. 
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Correspondence 


The Institution, whilst being at all times pleased 
‘to. open tts columns to correspondence, cannot 
accept responsibility for the opinions expressed 


Continuous Rigid Portal Frames 


To the Editor of THE STRUCTURAL ENGINEER 

Sir,—Mr. Bolton has recently pointed out in your 
columns that in an article dealing with the solution of 
continuous ridged portal frames, no example with a 
north light type of roof or with unsymmetrical load on 
the rafters was given, and goes on to say that the calcu- 
lations of fixed-end constraints and of the effect of unit 
operations for such conditions makes a solution much 
more difficult. SS 

Lest this comment be misunderstood, I would draw 
attention to the fact that lack of symmetry does not 
affect the essential attack in any way. It is only 
necessary to do some preliminary arithmetic in order to 
start the solution. On the attached figure the appro- 
priate calculations for an unsymmetrical frame carrying 
a side load on the roof are set out (by the method of 
slope-deflection, though alternative, methods may be 
used at the choice of the designer) and it is hoped that 
these will clarify the point to which Mr. Bolton draws 
attention. 


Beeston, Notts. 
September 15th, 1952. 


Yours, etc., 
E. MARKLAND 


To the Editor of THE STRUCTURAL ENGINEER 

Sir,—We were interested to read Mr. Springfield’s 
letter in the October number of THE STRUCTURAL 
ENGINEER. 

The errors reported in the model analysis solution 
seem far greater than we have been accustomed to obtain 
on models tested in the Department of Building and 
Structural Engineering here, and likely to bring the 
method into disrepute. 

The apparatus used here is the large deformation 
apparatus as. developed by Messrs. W. S. Atkins and 
Partners. Using this apparatus determinations can be 
made directly for moments at the valley joints by apply- 
ing internal rotations at these points. This avoids the 
difference of large numbers effect when the moments are 
calculated from the redundants at the stanchion feet. ° 

An investigation into Mr. Springfield’s method of 
using models of distorted scales leads to the conclusion 
that it is wrong in two important respects. 

1. Mr. Markland showed (THE STRUCTURAL ENGINEER, 
May, 1952) that the horizontal scale of a ridge may be 
distorted so far as the horizontal and rotational displace- 
ment of one end is concerned. Unfortunately, this is not 
true for vertical displacements as it would have to be for 
the method to be used to determine vertical reactions as 
done by Mr. Springfield. 

2. The distorted ridge offers the same restraints for 
rotation and horizontal displacement as the true scale 
ridge does to the stanchions. Therefore the deflections 
of the stanchions for horizontal and rotational displace- 
ments will be the same in both cases, and true influence 
lines can be obtained for forces on the stanchions. The 
deflections on the rafter in the. distorted ridge are not 
however the same as those of a true scale model, and the 
influence lines cannot be obtained directly for this part of 
the structure as done by Mr. Springfield. They could, 
however, be deduced from the rotations and displace- 
ments at the valley joints. 


Yours, etc., 
Manchester. W. MERCHANT 
October goth, 1952. A. BOLTON 
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75° UO load 


For roof member BCD: Consider unit rotation at B, 56, =/. 
Slope-detlection equations: 


Mae > (2480) Mge= +375 ' 
Meg 2 2(1+28c) } r-) =-0/25 Meg > t1-50 
Mey = 6( 26c) ‘ Me = -!-50 
ine = 6 ( Gc) Moc =-0-75 
Similarly tor unit rotation at dD. 
Consider unit sway without rotation at B, Au 
do dee From Williot deflection diagram 


Gye =tIS2 dy 7 A1352 


Deflection diagram Mec = 2(6-+ 2x12) Mge 2 40-75 
= 2(2Qr 2a 152) a =01875 Meg Ftfhl25 


ee Me 2 6 (26,7 3x/ge2) Mep 271125 
Defected shape = 6 (a.- inygee) Mpc = 225 


Summarizing effects of unit operations (the reactions being oblacr 
trom known moments by statics 
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ors { ie. O75 O75} 
vic VY eee oases uy =/-> 


Fixed-end moments at8@D dveto applied load may be obfaine 
treating BC & CO as spans of a continuous beam since BC 
cannot sway without? etther 8 or O. 


EE.Ms. on BC are Wk = +5xd4 = 0.500 
l2 /2 


Slope -deflection equations : 
Msc = 2(8z) - 0-500 Mge = -O-5625 
Meg = 2/28) +0500 } @. =-003/25 | Mca = 70-375 
Men = 6(28) Mep 27 0°375 
Mpc = 6c) Mpe 2 -O18 7S 
Hence the following hied-ead conditions tor BCD subject te applied la 


rs! =a 
: Ie = O5625 0-187. “o2. BI 
938 shase 


The problem «3 now solved by relaxing constraints al BOa G 
and the result 1s given below. 
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By F. G. Thomas, Ph.D., B.Sc., M.LC.E., M.LStruct.£. (Member of Council) 


Summary 
In the last twenty-five years large numbers of brick 


alls and piers have been tested at the Building Research ° 


ration: The results of these tests are examined in 
lation to the design recommendations given in Code of 
actice CPxr11 (1948) “ Structural Recommendations 
r Load-bearing Walls.”” Asa result, modifications are 
ggested which lead to a more reasonable distribution 
load factor than that obtained by adopting the present 
de recommendations. 

Experimental data are given also on the behaviour 
panel walls subjected to lateral loading, and on the 
iffening and strengthening effect of such panels on the 
sistance of structural frameworks against racking 
ads. 

Introduction 


Brickwork has been used for thousands of years but 
1€ scientific investigation of its strength is compara- 
vely recent. In 1887-8 a committee of the American 
ociety of Civil Engineers conducted what appears to 
e the first series of tests, made on thirty-three piers to 
etermine the strengths of brickwork built in three types 
f brick with both cement mortars and lime mortar, and 
itroducing the effect of varying slenderness. 

A few years later, a committee of the Royal Institute 
f British Architects conducted a similar series of pier 
asts using four types of brick with either cement mortar 
r lime mortar, but adopting a constant slenderness ratio 
f four throughout. A comprehensive report on this 
ivestigation was published by the R.I.B.A. in 1905. 
During the last 25 years a considerable amount of 
ata has been steadily obtained on the strength of piers 
nd walls, particularly in America, at the Universities 
f Ohio and Illinois and at the Bureau of Standards, and 
1 this country at the Building Research Station. During 
his period, tests have been made on over 500 piers and 
falls at the Building Research Station, and although 


any problems have yet to be solved, enough has been 


arnt already to give a sound basis for “ designed ”’ 
rickwork. It is interesting to note that one of the 
arliest publications of the Building Research Board was 

report on the stability of thin walls issued in 1921. 
his report dealt with experiments carried out by 
)r. Oscar Faber for the D.S.I.R. Building Materials 
fesearch Committee, which preceded the Building 
‘esearch. Board. The main conclusion from those 
xperiments was that with truly axial loading, the reduc- 
ion in strength with increasing slenderness was remark- 
bly small, except when lime mortar was used. 

The results of some of the early B.R.S. investigations 
n the strength of brickwork were published in Building 
tesearch Special Report No. 22, ‘‘ Mechanical Properties 
f Bricks and Brickwork Masonry,” by Glanville and 
sarnett, issued in 1934. A fairly comprehensive survey 
f the work was made in a paper by Davey and Thomas, 
resented to the Institution of Civil Engineers in 1950. 
ther papers have appeared from time to time in 
echnical journals, dealing with particular aspects of the 
york, e.g., the paper by Thomas and Simms on the 
trength of reinforced brick masonry beams in THE 
TRUCTURAL ENGINEER for July, 1939. 


-*Paper to be read before the Institution of Structural Engineers 
t 11, Upper Belgrave Street, London, S.W.1, on Thursday, 
february 12th, 1952, at 6 p.m. 

Crown Copyright reserved. 


In considering the form of the present paper, the 
writer had particularly in mind that the British Standard 
Code of Practice CP111 (1948), ‘‘ Structural Recom- 
mendations for Loadbearing Walls,’ which was prepared 
by a committee convened by the Institution, is shortly 
due for review and, if necessary, revision. Some of the 
recommendations contained in this Code have, therefore, 
been considered in the light of the experimental data 
available and suggestions are made as to improvements 
which could be made if the Code is revised. 

One difficulty in preparing a design specification for 
load-bearing brickwork is the great variability that can 
occur both in the strength of the materials and the 
quality of the workmanship. When there are many 
factors influencing the strength of a structure and the 
effect of each factor is known only within wide limits, 
there is sometimes a tendency for engineers to adopt 
limiting “ safe *’ assumptions for each factor ; the result 
may be that the overall load factor is unnecessarily high 
for most practical examples. This tendency, in the 
writer’s opinion, must be guarded against if brick 
structures are to be designed economically, but the 
best method of dealing with variability has yet to be 
determined. 

It is important also for the research worker to realise 
that some of the variations that occur in practice are 
absent from tests in the laboratory and are, in fact, 
almost impossible to reproduce there. The effects of 
differences in workmanship, for example, are not known 
with any certainty. The writer made one series of » 
experiments in which a group of piers was built by each 
of six bricklayers, with a view to finding the human 
factor in the strengths subsequently attained by the 
brickwork. The results did not give the data required ; 
each of the craftsmen, with an eye on the testing machine 
in the background, produced the best brickwork he 
could, and there were no significant differences in 
strength that could be attributed to variation in 
workmanship. At the U.S. Bureau of Standards some 
years ago the effect of workmanship was studied more 
successfully by employing two independent bricklayers 
to construct similar walls. One man worked by piece- 
work and was not supervised ; the other was employed 
at an hourly rate and was carefully supervised. The 
walls built by the latter man were from 30 to 60 per cent. 
stronger than those built by the unsupervised bricklayer. 

Not only will poor workmanship often lead to lower 
basic strengths of brickwork but it may also affect the 
form of the relationships between strength and such 
factors as slenderness or eccentricity of loading. = 

Another difficulty in the design of brick structures is 
the uncertainty as to what allowance to make for 
deterioration of the brickwork, particularly of the mortar 


‘joints. At present, the effect is rather arbitrarily 


included in the consideration of the load factor to be 
adopted, but it may be possible in the future to differen- 
tiate between various types of brickwork with a view to 
eliminating partially the allowance for deterioration in 
circumstances where such deterioration is relatively 
unimportant. 


Basic Stresses for the Design of Brickwork 


In the design of concrete structures, the permissible 
stresses in the concrete are dependent on the cube 
strength of the concrete ; similarly, it would be reason- 
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able to base the design of brickwork on the strength of a 
cube of brickwork, using the appropriate brick and 
mortar to give the required cube strength, which would 


be checked during the course of the work. The making 
and testing of brickwork cubes would be much more 
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of the likely variability of the results of such tests 
would be neczssary to make a large number of te 
samples. In the Code of Practice, therefore, brickw 
design is based on permissible stresses tabulated for 
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Fig. 1—Basic permissible stresses for brickwork recommended by Code CP111.101 (1948) 
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hese stresses being related to the strength of brick and 


ype of mortar used. aE 
The basic stresses are shown diagrammatically in 
‘ig. 1. In Fig. 1 (a) the lines for each brick strength 
how the permissible stresses only where they cross the 
vertical lines representing the various mortar mixes, 
ince the Code does not permit interpolation for mix 
sroportions intermediate between those for which 
tresses are tabulated. (Interpolation for intermediate 
rick strengths in Fig. 1 (b) is, however, allowed.) 
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is imposed by the Code on the brickwork stress, and, 


rather illogically perhaps, the same limit of 350 lb. per 
sq. in. has been specitied for both a 1:1:6 and a 
I.; 2:9 mortar. 

In. order to obtain data on the effect of varying the 
strengths of brick and mortar on the strength of brick- 
work, a very large number of tests have been made at 
the Building Research Station on piers 9 in. square in 
section and 3 ft. high. Some of the results obtained 
are shown in Fig. 2. In Fig. 2 (a), the strengths of the 
piers have been plotted as proportions of the strength 
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Fig. 3.—Comparison of form of relationship between brickwork strength and mortar 
: strength, with the permissible stresses in Code CP111.101 


Certain features of Fig. 1 are of particular interest. - For 
brick strengths above 1,000 Ib. per sq. in. the adoption 
of a stronger mortar is usually accompanied by an 
increase in the stress permitted in the brickwork. For 
bricks of 7,500 lb. per sq. in. or stronger, however, this 
rule does not hold for a change from aI ; 2 : 9* mortar 
to a I : 1 : 6 mortar, the permissible brickwork stresses 
being the same for the two mixes. . This curious feature 
is due to the fact that, for each type of mortar, a limit 


-*Throughout this paper, mortar proportions are given “as 
cement : lime ; sand, by yolume. ; 7a wl 
re 


corresponding to a mortar strength of 2,000 lb. per 
sq. in. ; in this way, the results of several series of 
tests, with somewhat varying mortars and bricks, have 
been combined to indicate the general form of the 
relationship between the strength of the brickwork and 
that of the mortar. The relationships shown for the . 
three strengths of brick are of interest in indicating that 
the value of increasing the mortar strength, in terms of 


‘the strength of brickwork resulting, becomes steadily 


less ; and also, that for any chosen proportion of the 
optimum brickwork strength the required mortar 
strength increases with the strength of brick used. 
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Fig. 2 (b) shows how the brickwork strength varies 
with the strength of brick used. The exact form of the 
curves cannot be established with the data available, 
but it is at any rate obvious that, for mortar strengths 
of 500 lb. per sq. in. or more, the strength of the brick- 
work is appreciably increased by using stronger bricks 
up to at least 12,500 lb. per sq. in. -It seems, therefore, 
that there need be no limiting stress for any particular 
mortar, as has been adopted in the Code of Practice, 
see Fig. x (b). 

The empirical relationships between the brickwork 
strength and the strength of the mortar, given in 
Fig. 2 (a), are compared in Fig. 3 with the Code recom- 
mendations for the basic permissible stresses. In this 
figure, the scales are chosen so that the two curves, being 
compared, touch at the point corresponding to a mortar 
strength of 1,600 lb. per sq. in. (the average strength 
of a I :0.25 :3 mortar in the experiments being con- 
sidered) ; and the increases in permissible stress occur 
at the average mortar strengths corresponding to the 
mortar proportions referred to in the Code. 

It will be seen that, for the two lower brick strengths, 
“stepped ”’ relationship is of a reasonable 
form compared with the empirical relationship. There 
is a tendency for the permissible stress to fall more 


rapidly with decreasing mortar strength than the actual 


reduction in strength of the brickwork but this might 
well be justified on the grounds of greater variability in 
strength when a weak mortar is used. For the brick- 
work using 12,500 lb. per sq. in. bricks, the Code rela- 
tionship is very different from the actual strength curve 
and it is evident that an increase in stress when using a 
I :I:6 mortar, as shown by the chain-dotted lines in 
Fig. 3, is the least modification that should be made to 
the Code. It also seems desirable to adjust the relative 
values of permissible stress for the various mortars, but 
the figure is not in a form which indicates whether the 
stresses should be increased for brickwork with the 
weaker mortar or if the stresses should be reduced for 
brickwork with the stronger mortar. Guidance on this 
point can be obtained by reference to the load factors, 
ie. the ratios of the failing loads of the piers to the 
permissible stress corresponding to the brickwork used 
and the slenderness of the piers tested. The load factors 


of the piers to which Fig. 3 relates are given in Table 1, 


and it will be observed that the load factor for the brick- 
work with high-strength bricks and a strong mortar is 
similar to that when the lower-strength bricks are used, 
but the load factor increases very considerably when 
weak mortars are associated with the high-strength 
bricks. The conclusion appears to be that with high- 
strength bricks (10,000 lb. per sq. in.) the permissible 
stresses might well be increased by 50 per cent. with a 
I: 3:12 mortar and 75 per cent. with ao : rt : 3 mortar. 


The table also indicates the desirability of increasing the 


stresses whena I : 1 :6mortar is used witha high-strength 
brick, and an increase of 30 per cent. appears reasonable. 

A curious feature of the Code recommendations for 
brickwork with a 1 : 0.25 : 3 mortar is the divergence 
of the permissible stresses-for brick strengths of 3,000 
and 4,000 lb. per sq. in. from the linear relationship 
between allowable stress and brick strength for the 
range of 1,500 to 10,000 lb. per sq. in. bricks, as shown 
in Fig. 1 (b). 


was not intended by the Code drafting committee and 


‘it is evident that in any revision of the Code the in- 
consistency should be removed. The values should 


clearly be :— 


Brick strength +: 3,000, 4,000 Ib. per sq. in. 
Permissible stress 
in brickwork 


240, 300 lb. per sq. in. 


It seems probable that this divergence - 
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The i aeatoe oe Code. Chk IOI (1948) 
the basic stresses are given in Table 2 together with th 
modifications which seem reasonable i in the light of thy 
experimental data available. 


The Strength of Slender Walls and Piers 


(a) Axially loaded piers. The strength of any com 
pression member is to some extent dependent on it 
slenderness. The ultimate load may be controllec 
either by the onset of elastic instability, or by ove: 


TABLE 1.—Load Factors for Piers with Various Bric 
and Mortar Strengths 


Load Factor for Brickwork 


Average Brick using a mortar mix* of : 


Strength 
—lb. per sq. in. | . 
EeF0.2523) 1). 16 1) 220 bl 3: .12)0-.bee 
5.2 5.6 5.2 6.6 5.0 
5-4 5.9 6.2 Fie 5.2 
By. 6.4 Oez 8.1 6.6 
2,740 5-9 6.7 9-7 8.2 7-0 
6.3 ae 8.3 7-2— 
6.7 9-5 8.6 739 
WED 8.8 7-59 
pea 10.1 7.9 
8.5 10.2 ee 
29 5X 10.4 9.5 — 
11.85 j)— 103m 
1:9 *|.< 17cm 
12.8 
“12.6 
Averages : 6.8 720 6.8 9.2 85m 
3,780 7:3 6.4 6.4 7:3 
3 fe) Ke: 6.8 7.4 
Averages ;: Tae 6.7 6.6 Vick : ; 
5.0 9.8 7.4 TAS 1159s 
5-4 10.7 8.2 14.0 13.2 
5-5 10.8 Si 15.5 T4ci5e8 
12,500 5.7 11.8 9.6 18.9 ¥7.30 
? 6.0 52-0 9.8 Ig.2 20.2 
6.4 13.5 TEeE 25.40 20.5 
6.6 12 5 29.2 24.5 
Onze 26.4 
6.8 27.0 
Tice SY 57a 
7-8 34-0 
8.5 35.6 
D335 
Averages ; 6.7 II.4 EnOz0. 18.5 23.0 


*The actual mix proportions were not always those stated, bu 
were classified according to the Code requirements as a basis fo 
permissible stress determination. The proportions are fo 
cement : lime : sand, by volume. 


stressing of the material of which the member is con 
structed. With brickwork, elastic instability is unlikely 
to be of importance except possibly with very slende 
walls built with lime mortar, or when the wall is “ dry 
built” using fibrous board or other comparatively 
compressible jointing material. The reduction i 
strength of slender piers usually arises from the effect: 
of variability in the properties of the brickwork, o 
accidental eccentricities of loading and lack of straight. 
ness of the axis of the pier, and other defects arising 
from imperfect workmanship ; all these effects tend tc 
become of greater significance as the slenderness of the 
pier is increased. 

The results of tests on axially loaded piers of either 
9g in. or 134 in. hae cross-section and for slendernes 


sults are shown as 


STRENGTH REOUCTION COEFFICIENT | 


Stronq Brick and 
strong mortar 


SLENDERNESS RATIO 


4.—_Strengths of axially-loaded piers of various 
-slenderness ratios, as a proportion of the strength of 
5 - a pier of slenderness ratio of unity 


‘Fig. 4. 


ht divided by thickness) up to 18, are shown 
ig. 4. Four types of brickwork were used, and it 
1 be observed from the figure that the greatest reduc- 
on in strength with increasing slenderness was obtained 
hen-a weak brick was used with a weak mortar. 


oe 


The 


strength reduction coefficients,” 
rat is, as proportions of the strength of a similar pier 
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with a slenderness ratio of unity. Slight extrapolation 
of the results was necessary for this purpose, as the 
shortest piers had a slenderness ratio of 2.4. Each of 
the solid circles in the figure is a common point for half 
the results, one for the g in. piers and the other for the 
134 in. piers. : 

With this method of presentation, direct comparison 
is possible with the ‘“‘ reduction factors for slenderness 
ratio ’’ given in Table 2 of Code CP111.101 (1948), and 
the Code recommendations are indicated on Fig. 4. As 
the slenderness ratio increases, the Code leads to a 
greater margin of safety. If it is agreed that variability 
of the results about the mean is reasonably left to be 
allowed for in a general load factor, then the average 
curve shown in the figure could be adopted in place of 
the Code relationship, when considering axially-loaded 
piers. For design purposes it would probably be im- 
practicable to introduce modifications to the general 
relationship in terms of the use of weak or strong mortars. 


It should be noted that in the tests, the piers were 
tested between knife edges, so that no directional 
restraint was afforded to their ends. In practice, some 
directional restraint is almost always present but the 
Code of Practice, in the opinion of the.writer quite 
rightly, makes no special allowance for such restraint ; 
nevertheless, the strength is thereby somewhat increased, 


(b) Axzally-loaded walls. The Code assumes that the 
effects of slenderness are not so serious for walls as for 
piers, since, although the reduction factors for slender- 
ness apply to both, the slenderness ratio of a wall is 
taken to be only three-quarters of that of a pier of the 
same height and thickness. There appears to be some 
justification for this on statistical grounds, since the 


TABLE 2.—Maximum permissible uniformly distributed compressive stress (at and after the stated times) on_ 
masonry members with a slenderness ratio of unity. Table 1 of Code CP111.101 (1948) with suggested modifications 
E = E in brackets) 


Mix 
c (Parts by volume) | Hardening Maximum uniformly distributed stress in Ib./sq. in, 
Description of not weaker than | Time after Corresponding to units whose crushing strength (in lb./sq. in.) is :} 
Mortar { | completion }—— | - |__| 
: of work | 
Ce- | Lime | Sand’ (Days)t »| 400)1000, 1500 | 3000 | 4000 |} 5000 | 7500 | 10,000 10,000 + # 
ment 

d 210 | ~250 | 

(i) Cement I o-}* 3 7 40 | 100] 150 | (240) | (300) 360 510 | 660 | 660+0.042 %* but not 
¥ | more than goo 

260 | 350 | 350 350 
(ii) Cement-Lime I I 6 14 40 | 100} 140 190 | 230 | (270) | (360) | (450) | (450+0.025 # but not 
m : | more than 600) 
: 250 | ©3590 | 359 350 : 
(iii) Cement-Lime| 1 2 9 14 40 | 80 | 120'| 170 | 210 | (240) | (300) | (360) | (360+0.017 # but not 
F more than 450) 
a ; . 130 200 200 200 
(iv) Cement-Lime I gb x2. 14 30 | 70 too | (140) 170 200 | (250) | (300) | (300-+-0.014 * but not 
% - more than 350) 

Pee eo bane 130 200 | 200 | 200 

(v) Hydraulic — I 2 14 30 | 70 | roo | (140) | 170 | 200 | (250) | (300) | (300-+0.014 # but not 
fo -acLime sek more than 350) 
ee : too | 100] 100] I00 100 = : 

i - — 28** 0 | 60} 80 roo | (110) | (120) | (145) | (170) | (170+0.007 ¥ but not 
(vi) Hydraulic 5 2 5 more than 200) 


_*The inclusion of lime in cement mortars is optional, see Clause 202 (a) of Code CPrtt.rot. : 2 
+These periods should be increased by the full amount of any time during which the air temperature remains below 40°F., 


; plus half the amount of any time during 


which the temperature is between 40°F. and 50°F, P ; 
{Linear interpolation is permissible for units whose crushing strengths are intermediate between those given in the Table. 
~ **A longer period should ensue where hardening conditions are not very favourable. 
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various imperfections, which cause reduction of strength 
in slender members, will in a stretch of walling be less 
likely to produce a general weakening of the brickwork 
than might occur in a pier, particularly a small one. 
Unfortunately, no series of tests has been made on 
the strength of walls loaded axially through knife-edges, 
for direct comparison with the results for piers. The 
following results for walls 44 in. thick and 4 ft. 6 in. long 
bedded at their ends on the plates of the testing machine 
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"which are plotted: the toad fictors obtained W dividing 


the failing loads by the permissible working load as 
calculated in accordance with Code CP111.101. vs : 
Reference to Fig. 5 shows that the load factor for 
axially loaded piers increases with slenderness and that 
there is a similar increase for piers with an eccentricity 
of loading equal to one-twelfth of the pier thickness. 
The calculation of load factors for the eccentrically- 
loaded piers includes the allowance of 25 per cent. in- 


7 


BRICK 1:1:6 
STRENGTH 
2600 


MORTAR 
STRENGTH 


MORTAR 
eae 


LOAD FACTOR 


se 
ee A 


ey ERR ate 


RATIO 


Fig. 5.—Variation of load factor of brick piers with slenderness ratio and eccentricity of loading. 
(The figures against the curves give the eccentricity as a fraction of the pier thickness) 


are however of interest. Medium-strength bricks were 
used with a I : 1:6 mortar. 
Slenderness ratio : 
eas aenned by) 725 "IO. 52.135. 18 - 19.5 -21-22,5 
Code) 
Failing load_of f128.. 107 eee toe 155.137 132 
pier (tons): \136 345% 
From these figures it will be seen ee there is no 


* significant reduction in strength with increased slender- 


ness over two-thirds of the range covered by the Code. 


(c) Eccentrically-loaded piers. When a pier is eccentric- 
ally loaded, the pier deflects laterally and the eccentricity 
of loading is thus increased.’ This effect may be very 


é pronounced for a tall pier, and particularly so as failure 


is approached and the lateral stiffness of the pier is 
reduced as a result of cracking. It follows therefore 
that the strength reductions for slender piers with 
eccentric loading are greater than for axially loaded 
piers ; and that the use in design of a single set of 

‘reduction factors for slenderness ratio ’’ for all brick- 
work must lead to a lower load factor when eccentricity 
of load is present on tall piers. 

Tests have been made at the Building Research 
Station on over a hundred piers, either 9 in. or 134 in. 
square in section, to determine the relationship between 
strength, slenderness, and eccentricity of loading. Some 


results of the tests on 9-inch piers are shown in Fig. 5, in. 


crease in stress given in Clause 304 of Code CPrrz1.101, 
and the results shown in Fig. 5 for small eccentricities o1 
loading afford justification for this allowance. As the 
eccentricity of loading increases, the rise in load factor 
with the more slender piers becomes less ; and for an 
eccentricity equal to. one-third of the pier. thickness, the 
load factor is approximately independent of the slender- 
ness ratio, with a tendency for this factor to be somewhat 
lower at a slenderness ratio of about Io than for smaller 
or larger ratios. 

Comparison of the four diagrams in Fig. 5 for the 
different types of brickwork does not indicate any major 
difference of behaviour, and it appears reasonable tc 
use the same reduction factors in design for all brick- 
work, introducing the effect of eccentricity of loading 
on these factors, as shown tentatively in Fig. 6. Ne 
experimental data are available for eccentricities ¢ of 
loading greater than one-third of the pier thickness & 
so that the limiting curve for « = f¢,/2 is uncertain. 
However, in practice it will usually be wise to avoid 
eccentricities greater than ¢p/3 in view of the considerable 
increase in compressive stress that accompanies loading 
approaching the edge of the brickwork. 

(d) Eccemtrically loaded walls. Tests have been made 
on a series of 43 in. brick walls 4 ft. 6 in. long with 
_slenderness ratios ranging from 7.5 to 22.5, with two 


== eccentricities of loading equal. to «one-ninth.and two- 
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nths of the wall thickness. The load factors for 
ese walls are given in Table 3 for two assumptions as 
the stress reduction factors for slenderness : 
(i) using Table 2 of Code CPr1t.101 ; 
(ii) using the values given in Fig. 6. 
will be observed from Table 3 that although the use of 
ig. 6 leads to less variation in the load factor for the 


TABLE 3.—Load Factors for Eccentrically Loaded Walls 


Load Factors 
Slenderness e/t = 1/9* fp — 210 
Ratio as | $$ | 
defined by 
Code Based on Based Based on Based 
: Code re- on Code re- on 
‘ductions for | Figure 6} ductions for | Figure 6 
' slenderness slenderness 
7.5 9.0 9.2 8.4 8.8 
10.5 PDS 10.3 9.8 9.6 
13-5 L2e 7 9.6 lbp 10.4 
16.5 16.8 10.9 10.0 Chai 
18.0 13.5 8.4 9.1 6.8 
19.5 13-3 7-9 9.8 7:3 
BIO 15.4 8.9 9.1 6.9 
22.5 Wb sat 7-9 79 5.9 
tie 


= eccentricity of loading. 
= thickness of wall. 

naller eccentricity, the Code recommendations are 
ightly.to be preferred, from this point of view, for the 
alls with the greater eccentricity and slenderness 
itios of 18 or more. It may be possible to modify 
ig. 6 to avoid its apparent deficiencies in terms of very 
ender walls with eccentric loading but insufficient data 
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€ = ECCENTRICITY OF LOADING 
Up = THICKNESS OF PIER 


0 4 8 12 16 20 24 
SLENDERNESS RATIO 
Fis. 6.—Effect of eccentricity of loading on the reduc- 


tion coefficients to be assumed for slender piers. 
(c.f. Table 2 of Code CP111.101) 


re available to do this with much accuracy. However, 
lis is not a matter of great practical importance at 
resent since the Code limits the slenderness ratio of 
alls to 18, except for domestic dwellings ; and for 
ousing a greater slenderness for brick walls will be very 
ire (a 44 in, wall with a slenderness ratio of 18 would 
> g ft. high from floor to floor). 


ffect of the Proposed Modifications to Design 
Stresses on the Variation in Load Factor 

Frequency diagrams are given in Figs. 7 and 8 to 
dicate the variability of the load factor for brickwork (1) 
ssigned in accordance with Code CPir1.101 ; and (ii), 


y 
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introducing the modifications to the basic stresses, as 


indicated in Table 2 and to the stress reduction factors 
for slenderness, as shown in Fig. 6. 

In Fig. 7 (a) the results apply to the series of tests 
covering a wide range of brick and mortar strengths, 
and the revised diagram shows essentially the effect of 
the modifications in basic stress given in Table 2 ; it also 
includes a general increase in load factor of 5 per cent., 
since the stress reduction factor for an axially-loaded 
3 it. xX 9g ft. x 9 in. pier, is only 0.84 in Fig. 6 as com- 
pared with 0.88 in Table 2 of Code CPr11-101. 

In Fig. 7 (b) the results apply to the series of tests 
covering a wide range of slenderness and eccentricity of 
loading and the revised diagram shows essentially the 
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(b) RESULTS FOR SERIES WITH VARYING SLENDERNESS 
AND ECCENTRICITY OF LOADING. 


Fig. 7.Load factors for brick piers, showing effect of 
proposed modifications to Code CP111.101 


effect of the proposed revision of the stress reductions 
for slender members ; it also includes the small effect 
of the suggested increase in basic stress for brickwork 
using a 1 :0.25 :3 mortar with a brick strength of 
3,000 lb. per sq. in. 

The results given in Fig. 8 give a general picture of the 
effect ‘of the proposed modifications, and include not 
only the two series to which Fig. 7 refers, but also other 
tests on walls and piers that have been made at the 
Building Research Station from time to time. 

These diagrams indicate that the effect of the proposed 
modifications is not to produce a general reduction in 


load factor but to eliminate some of the very high load 


factors for which there is no justification. On the 
available evidence, the writer feels that there should not 
be an overall reduction in load factor and that the form 
of the revised diagram in Fig. 8 is satisfactory. It seems 
also from this diagram that the load factor of six recom- 
mended in Clause 803 of CP113, when test panels are 


built to determine the strength of wall construction, is 
reasonable. 


Several of the variables for which allowance 


is normally included in the load factor are eliminated 
when a wall is tested and it is therefore appropriate that 


the load factor to be associated with such a test on 
brickwork should approach the lower limit of the factors 
associated with design based on strengths of bricks and 


‘on proportions (not strengths) of mortars. 


Cavity Walls ; 
Very little information is available on the structural 
behaviour of cavity walls and consequently the Code 
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Fig. 8.—Load factors for brickwork showing general 
effect of proposed modifications to Code CP111.101 


gives little guidance on their strength and stability. 
There is often confusion between the terms “ strength ” 
and “stability ’’ and in fact many people treat them 
as being synonymous. In the writer’s view they should 
properly be taken to mean two distinct properties which 
are, so to speak, “ internal’ and “ external ’’ properties 
of the structure (or structural element). Strength is a 
physical property by virtue of the resistance of the 
material, of which the structure is made, to forces which 
tend to over-stress it ; stability implies a resistance to 
large movement of the structure as a whole. 

The differentiation can be seen for a cavity wall by 
reference to the sketches in Fig. 9. In the left-hand 
diagram, case (a), the loads from the first floor and the 
roof are carried by the inner leaf only and the design 


is such that these loads are axially applied to this leaf. 
The inner leaf is well supported at ground, first floor and. 


DEFLECTION AT MID HEIGHT OF WALL IN INCHES : 
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roof levels ; and no question of instability arises. — 
that is necessary is to make certain that it is stror 
enough to carry the loads. The outer leaf is, howeve 
in a different category. It supports no vertical loa 
other than its own weight and its ‘strength is relative 
unimportant ; it is merely necessary to see that it 
not tipped over by wind forces. It is clear that tl 
problem is essentially one of strength for the inner le; 
and stability for the outer leaf. From practical expert 
ence the rules for spacing of wall ties given in the Coc 
are known to be satisfactory for stabilising the out 
leaf, at any rate for two or three-storey dwellings. 

In sketch (b) in Fig. 9, it is assumed that deflectic 
of the first floor and an eccentric load from the ro 
cause bending of the inner leaf as shown. This arrang 
ment is worse for this leaf than that in sketch (a) ar 
the wall would need to be stronger ; there is still 1 
question of instability, however. As regards the out 
leaf, it is pulled or pushed by the wall ties, that are pi 
in to stabilise it, so that its shape is exactly the san 
as that of the inner leaf. For this example, therefor 
the outer leaf must have strength as well as stability 
in fact the need for strength arises out of the provisic 
for stability. 

The graphs in Fig. 9 show how well light wire ties cé 
ensure that the bending of the two leaves is the sam 
The results'shown apply to tests on 11 inch cavity wal 
with only one leaf loaded at an eccentricity of 1 ine 
from the axis of this leaf. The eccentricity was som 
times arranged so that the ties tended to pull the u 
loaded leaf, whilst in other tests it was arranged so th 
the ties were put into compression. The ties were of tl 
“ butterfly ’’ type of 9 S.W.G. steel wire or of 12 S.W.! 
copper wire, the latter complying with the minimu 
requirements of B.S. 1243 “‘ Metal Wall Ties.” It 
clear from these and other similar results that for cavi 
walls with two similar leaves, any bending momen 
induced by eccentric loading on either or both leav 
will be shared equally by them ; for dissimilar leav 
the moments will be shared in proportion to the sti 
nesses (EI) of the leaves. 

This effect provides some justification for the ru 
for the effective thickness for a cavity wall given — 
Clause 306 of Code CPr1r :— 


t = 2/3 (to — we) 
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Fig. 9.—The action of wall ties in cavity walls 


of cavity, and wc is the width of the cavity. 

It has already been suggested that the reduction in 
strength of slender piers and walls arises from the 
amplification of the effects of accidental defects and 
sccentricities in the brickwork. When two walls are 
jomed together by wall ties to form cavity construction, 
the consequent equalising of lateral deflections means 
that the equivalent accidental eccentricity forthe 
combined system is the average of that for the two 
separate leaves. A simple statistical exercise shows 
that this average will more frequently tend to zero than 
the values for individual walls, so that for assumedly 
axial external loading on each leaf of a cavity wall, 
although the strength will vary between twice the lower 
and higher limits of load for each leaf tested separately, 
the average strength of the cavity construction will be 
appreciably higher than twice the average load for 
single walls. 

The Code formula is a simple device to lead to increased 
stresses for cavity construction as compared with those 
for single walls of the same thickness as one leaf of the 
cavity wall ; and this formula appears to be entirely 
satisfactory when both leaves are equally loaded. If, 
however, one leaf is loaded less than the other, the value 
of their inter-connection by wall ties becomes less in 
terms of the ultimate strength of the system, although 
still effective in ‘redistributing bending stresses at 
working loads. In the limit, if one leaf only is loaded, 
and eccentrically so, the bending induced in the unloaded 
leaf may lead to cracking of this leaf before the loaded 
leaf has attained the load it could have carried alone. 
In this example, theoretically, the cracked leaf would 
be stabilised by the loaded leaf, which would then bear 
all the bending moment imposed by the eccentric load 
and continue to take further load as though the other 
leaf were not present. In fact, the stress increase in the 
loaded leaf on cracking of the unloaded leaf may possibly 
lead to premature collapse of the whole system. For 
the tests to which Fig. 9 refers, there was apparently a 
slight disadvantage, so far as ultimate strength was 
concerned, in tying an unloaded leaf to the loaded leaf 
when the steel wire ties were used ; with the copper ties, 
there was apparently an advantage with the ties in 
compression and a disadvantage with the ties in tension. 
However, the differences were probably not significant. 


_ It is evident from the foregoing that it is desirable in. 


practice to load both leaves of a cavity wall if possible. 
In house construction, for example, although the inner 
leaf should wholly carry the first floor load, the roof load 
should be shared by both leaves. 

The Code formula for the effective thickness of cavity 
walls is not limited to systems in which the same struc- 
tural units are used for the two leaves. In house 
construction it is becoming common practice to use 
lightweight blocks for the inner leaf of external walls, 
with a 4% inch brick outer leaf. In this system the 
inner leaf is the more heavily loaded but it receives 
considerable strengthening by virtue of its connection 
to the stiffer outer leaf ; probably for this example the 
Code formula errs somewhat on the safe side. In one 
series of tests, for example, it was found that a 3-inch 
leaf of lightweight clinker blocks, when loaded with an 
eccentricity of 4 inch, was 20 per cent. stronger when 
tied to a 44-in. brick leaf than when tested alone with 
no eccentricity of load. 

_ If, however, the inner leaf was constructed of much 
stronger material than that used for the outer leaf, and 
the inner leaf carried all the imposed load, adoption’ 
of the Code formula might well lead to a reduced load 
factor, and it would appear desirable to introduce a 


vhere to is the overall thickness of wall, including width 
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requirement in the Code that, when the load is carried 
by one leaf only, the formula should not be applied if 
that leaf is constructed of stronger structural units than 
the unloaded leaf. 


Spacing of wall ties. Experience and tests have 
indicated that, with the usual spacing of ties as recom- 
mended by the Code, there is a reasonable margin of 
safety against structural failure of the ties, when used 
in the cavity walls of houses, even for the lightest wire 
ties permitted by B.S. 1243. For multi-storey buildings, 
however, strip metal ties are preferable and their effi- 
ciency can be deduced from the tests on cavity walls 
under lateral loading, described later in this paper. It 
will be observed from Fig. ro (b) that pressures up to 
about 4 lb. per sq. in. were borne by I1 in. cavity walls ; 
and assuming that half of this pressure was transmitted 
to the rear leaf by the standard strip ties (three per 
square yard), each tie was carrying over 800 lb. in 
compression. 

Where the only lateral pressure to be considered is. 
that due to wind, it is evident that the standard strip 
metal ties at the usual spacing of 3 ft. horizontally and 
1 ft. 6 in. vertically will be adequate for the external 
walls of all buildings and there may be some justification 
for reducing the number of ties somewhat. However, 
it should be remembered that the ties tend to deteriorate 
with time and also that some weakening of the bond 
between the tie and the mortar in which it is embedded 
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(a) COMPARISON BETWEEN THREE BRICK PANELS 
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(b) EFFect OF REINFORCEMENT IN ALTERNATE 
COURSES OF CAVITY WALLS. 
09 poe 4 r; 
DEFLECTION OF CENTRE OF REAR LEAF — INCHES 


ig. 10.—Load-deflection relationships for walls 
under uniform lateral pressure 
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“may result from continuous differential thermal and 
shrinkage movements. These movements may have 
serious effects in large stretches of cavity walling, 

3 particularly where the inner leaf is,built in small sections 
into the framework of a building, whilst the outer leaf is 
continuous for the full height and length of the building. 

~It seems preferable to divide the outer leaf also into 
sections, so that any section does not extend beyond, 
z say, three storeys in height and roo ft. in length. 

ze _ Special difficulties arise with party walls of cavity 

~*~ construction, in that the requirements of fire resistance 
and sound insulation can lead to designs which are not 
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--variable, cracking may occur for even small lateral ical 
if the wall is thin or if insufficient support is given to 


the perimeter of the wall. aa 

Cracking in itself may not lead to collapse, however, 
for the crackéd wall may be stabilised by the action of 
any vertical loading it supports. Alternatively, if 
restraint to edge movement is afforded by the rest of the 
structure the wall may resist further lateral load by 
acting as a flat dome. This latter action can occur 
when a brick panel is built into or against a steel frame- 
work and tests have been made at the Building Research 
Station, at the request of the Ministry of Works, to 


= Se Fig. 11.Test on panel in racking test-frame 


structurally desirable. In order to avoid spread of fire, 
metal “‘ hangers ’’ are sometimes used to carry the ends 
of floor joists instead of building the joists into the 
party wall; this arrangement leads to considerable 
- eccentricity of load on the wall. Further, the designer, 
: wishing to minimise the transmission of sound across the 
party wall, reduces the number of ties to a minimum and 
adopts the lightest wire tie permitted by B.S. 1243. 
For cavity party walls in houses, hangers should be 
avoided unless the leaves of the cavity are at least of 
4-inch thickness ; the ends of joists can instead be 
supported in suitable sockets of incombustible material 
built into the wall. Where floor loads are not carried 
on the party wall, the number of ties can be reduced 
to one per square yard. 


Lateral Strength of Walls 
All walls, whether designed to support vertical load 
or not, are liable to be subjected to lateral loading, as 
for example from wind or from materials stacked against 
them. As the tensile strength of brickwork is low and 


examine the lateral strength of such panels. Some o! 
the results are shown in Fig. ro. 


The framed structure was represented by a steel frame 
consisting of two Io in. x 8 in. stanchions and twe 
10 in. X 4} in. beams. The members were encased in 
concrete and the distances, centre to centre, of stanchions 
and beams were 12 ft. and 10 ft. respectively. The brick 
work of the test walls was built in Fletton bricks with a 
I :0.25 :3 mortar, as recommended in the Code fot! 
reinforced brickwork. The mortar had a compressive 
strength of about 1,600 lb. per sq. in. and a tensile 
strength of 190 lb. per sq. in. at the time of testing th 
walls, three weeks after construction. 
~ Some single walls were built into the frame as a pane. 
filling, all four edges being “ buttered’’ with morta 
to the adjacent surfaces of the concrete encasement 0: 
the frame members. The inner leaves of some cavity 
walls were similarly built in the frame whilst the sides 
of the outer leaves were bedded against the encasec 
stanchions ; the top edges were partially fixed by strut: 


id clamps to simulate the continuity that would be 
lesentamepractices = 802 oot ee es 
In some of the walls, reinforcement was placed in 
ternate courses of each leaf of the brickwork. This 
inforcement consisted of the usual two-wire type often 
aployed in 43-inch brick walls with a wire diameter 
0.145 inch and an ultimate strength of 39 tons per 
. In. Sometimes the wires were not held at their 
ids ; in other walls, the wires left projecting from the 
ids of the wall were fixed to the stanchions. 

The walls were subjected to lateral loading at 16 points 
raced so that the conditions were not very different 
om those that would be obtained with uniform lateral 
ressure. The load was applied by means: of four 
ydraulic jacks through a distributing system of steel 
ists ; in order to avoid local failure at the load points, 
mber pads 7 inches square were interposed between 
ie distribution joists and the brickwork. 


The results for the single walls in Fig. 10 (a) show that . 


msiderable increase of load occurred after the initial 
acking of the walls. The 44-inch wall resisted a 
* 80 
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The results shown in Fig. 10 (b) indicate the value of 
using light reinforcement in the horizontal courses of 
the leaves of a cavity wall. Both the load at first 
observed cracks and the maximum load were increased 
by ‘the reinforcement ; there was however no apparent 
advantage in anchoring the wires to the steel frame. 
In both the reinforced cavity walls some of the wires 
fractured as the wall was deflected further after the 
maximum load had been passed. In the unreinforced 
cavity wall a sudden drop in load occurred at a pressure 
of about 34 Ib. per sq. in. when a portion of the front leaf 
was forced into the cavity ; a partial recovery followed 
until spalling of the bricks at the edges of the rear leaf 
caused a.steady decrease in the load-bearing capacity 
of the wall. 

It was realised that in practice the efficiency of the ~ 
process of “‘ buttering’’ the sides and top of a panel 
wall to obtain a good mortar bond between the brick- 
work and the encased frame might vary considerably. 
In order to find out what might be the effect of very bad 
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| Steel Frame 


8 10 12 14 16 


HORIZONTAL DISPLACEMENT AT POINT OF APPLICATION OF 
LOAD — INCHES F 

Fig. 12.—Effect of infilling panels on concrete cased steel frame 
subjected to racking load 


aximum. pressure of 3 Ib. per sq. in. before signs of 
ushing and splitting appeared along all four edges. 
he initial failure of the g-inch wall was due to a break- 
ywn of bond between the mortar at the bottom of the 
all and the encased beam. This led to a sudden drop 
load of 10 per cent., which, however, was re-imposed ; 
1d although a similar partial bond failure occurred at 
ie top of the wall, it was not until the deflection at the 
mtre of the wall had increased to nearly 4 inches that 
e damage resulted in a reduction in the lateral load 
iat could be withstood. The 134-in. wall cracked at a 
essure of about 8 lb. per sq. in., but continued to carry 
creasing load until at a pressure of over 26 lb. per 
|. in. crushing began at the top edge. The maximum 
ad was maintained until the central deflection of the 
all was 12 inches, when bond and shear failure at and 
“ar the bottom, of the wall was accompanied by the 
yening of a central vertical crack from the bottom to 
¢ middle of the wall. : 
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was tested with a gap at the sides and top of the wall, 
but the reinforcing wires were anchored to the steel 
stanchions. The maximum lateral pressure carried by 
this wall was only about ? Ib. per sq. in. Even this low 
value, however, represents an adequate margin of safety 
against wind. Saye 


Racking Strength of Panel Walls 


In a framed structure the frames are subjected to a 
racking action as a result of wind pressure, but tests on 
houses showed that the cladding elements helped 
considerably in stiffening and strengthening the frame. 
At the request of the Ministry of Works, tests have been 
started to determine how important’ this help can be in 
large multi-storey buildings. A special: testing-frame 
was designed by the Ministry and supplied as part of 
the equipment of a new Engineering Laboratory at the 
Building: Research Station. This frame, shown in 
Fig. 11, is capable of.taking a thrust of 200 tons at 
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selected positions. In testing a panel, a concrete block — 


is interposed between a lower corner of the panel and 


the testing frame, and a horizontal thrust is applied to — 


the diagonally opposite corner by means of a hydraulic 
jack. Two steel rollers are located at this loaded 
corner between the upper surface of the panel and a 
brick abutment clamped to the testing frame ; in this 
way tilting of the panel during test is avoided and 
horizontal displacement can occur without undue friction. 

The results of some of the racking tests are shown in 
Fig. 12. In most of the tests the panel tested consisted 
of an encased steel frame similar to that used for the 
lateral loading tests, with’ an infilling of brickwork or 
other building blocks. In one test the encased steel 


frame was tested without any infilling. It will be 
observed from the figure that the stiffness of the frame 
was increased considerably even with a relatively weak 
infilling that might be used for a partition. The maxi- 
mum racking load sustained with a 44-inch brick in- 
filling was over twice that which could be supported by 
the encased steel frame alone, and much of the help 
_ afforded by the brickwork was still retained when a door 


opening was left centrally in the panel. The form of 


the distortion of the brickwork in a racking test is shown 
in Fig. 13. 

~ It is evident from these tests that allowance for the 
racking strength of walls and partitions might often 
avoid the present necessity for providing special con- 
nections or bracing in structural frameworks for resisting 
lateral forces. 


Conclusions 


(x) Analysis of the experimental data obtained on the 
strength of brickwork at the Building Research Station 


indicates that certain modifications are desirable 
design of brickwork, as at present recommend 


Fig. 13.—View of encased steel frame with 4} inch brickwork infilling, after racking test 
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particularly :— Tae | = Be 
(a) Increased working stresses for brickwork with 
cement-lime mortars or with lime mortar, when! 
high-strength bricks are used. Seca 

(b) Increased working stresses for slender piers ang 
walls, when the eccentricity of loading is small. — 


With the modifications proposed, there would be @ 
more reasonable distribution of the value of the load 
factor for a wide range of conditions (of type of brick 
work, of slenderness, and of eccentricity of loading). — 


Code of Practice CPi11. These modifications incl 
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(2) Tests have shown that, although the fensil 
strength of brickwork is low and variable, considerabk 
resistance to lateral forces can be developed by wal 
panels built into a steel framework. Such panels alsc 
have a considerable stiffening and strengthening effec 
on the resistance of the frame to racking forces. ; 
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Synopsis 
Most structural engineers realise that modern develop- 
ents in Soil Mechanics can be of great value in the 
ronomical and efficient design of structures of all 
nds. Theory and research have produced a mass of 
formation on this subject, much of it still controversial, 
it its full application to practical engineering problems 
ypears to lag behind. ‘The object of this paper is to 
view the position of the science of Soil Mechanics in 
lation to certain aspects of structural engineering, to 
aint out some of the gaps in our present knowledge 
id to indicate the lines on which design methods should 
> adapted so as to make the most efficient use of the 
vailable knowledge. 
The applications of Soil Mechanics to structural 
gineering cover a very wide range, and in this paper 
le author confines his attention to the more limited 
id of the design of foundations. The important 
yplicdtions of soil mechanics to construction problems 
le-watering, support of excavations, etc.), are outside 
ie scope of this paper. The subject of pile foundations, 
so, is a very complex one, and is referred to only in a 
eral way in relation to other types of foundation. 
The subject is considered under the following headings: 
Mechanics of Foundations. In order to apply theory 
id the results of tests, the way in which a foundation 
ipports its load and the factors governing its stability 
ust be thoroughly understood. 


Site Investigation. The carrying out of a site investi- 
ition is now usually entrusted to specialists, who 
yssess the necessary equipment for boring, sampling 
id testing ; but the structural engineer must be able 
. decide on the extent of investigation necessary. He 
ust also be competent to appreciate the results of the 
vestigation and to apply them effectively in his 
sign. 

Properties of Soils. The ability of soil to carry a 
perimposed load depends upon its shear strength and 
; compressibility. These properties vary, not only 
ith the type of soil, but also, for any particular soil, 
ith its water content. Recent research, correlated 
ith theory and with observations in the field, has done 
uch to clarify the factors governing the stability of 
undations as regards both complete collapse and 
ingerous settlement. 


Design of Foundations. A knowledge of the way in 
hich the soil supports the foundation load, coupled 
th adequate data regarding the soil properties, enables 
e designer to decide upon the most economical form 
id size of foundation. 


Influence of Soil Mechanics on Design of Structures. A 
udy of the behaviour of soil under load shows that the 
ridity or flexibility of a structure has an important 
fluence upon the design of foundations. Accordingly, 
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the selection, whete practicable, of the type of structure 
most appropriate to the soil conditions may lead to 
considerable economy. 


Future Development. A review of the subject reveals 
that there are still a number of problems on which more 
information is required. Research work is already in 
progress on some of these ; in other cases close co- 
operation between practising engineers and’ research 
workers will eventually provide solutions. 


Introduction 


Up to the early part of the present century the 
design of foundations was based mainly upon empirical 
rules, intuition and experience. Knowledge of the 
properties of materials of construction led to the concept 
of a “‘ safe bearing pressure ’’ for any particular type of 
soil which would provide an adequate factor of safety 
against collapse and a negligible amount of settlement. 
The selection of this “ safe bearing pressure ’’’ usually 
depended on classification of the soil by inspection. 
Engineering reference books, building bye-laws, etc., 
contained lists of soils with their bearing capacities. 
As there was no uniformity of classification or nomen- 
clature the description of any particular soil varied 
according to the individual notions of the engineer or 
foreman who inspected it. Small-scale loading tests, 
often of a very rough-and-ready character, were used 
for more important work. The advocates of loading 
tests often ignored the fact that under a large bearing 
area the compression of the soil extends to a much 


- greater depth than under a small area with the same 


intensity of loading. 

The early theories of Coulomb and Rankine were 
directed principally to pressure on retaining walls, 
though ‘it was Coulomb who first suggested the now 
well-known cohesive-frictional law which has become 
accepted as the basis of modern concepts of the failure 
of soils and of other materials. Rankine applied his 
conjugate pressure theory to the calculation of the safe 
depth of foundations on cohesionless soil, and in 1915 
Bell extended this theory to cohesive soil. It is now 
generally recognised that as regards the stability of 
foundations the theories of Rankine and Bell are not 
supported by experimental evidence. 

It was during the period between the two world wars 
that the science of Soil Mechanics as we now know it 
came into being. At first there was a tendency to place 
emphasis on simple classification tests : particle-size 
analysis, determination of liquid and plastic limits, and 
certain other tests which are now little used. It was 
hoped that by means of these classification tests any 
soil could be placed in a definite category, and that its 
engineering properties would then be established. 

When comparing soils with other materials two 
essential difficulties arise, namely, the lack of homo- | 
geneity of natural soil, and the great variation ofthe 
properties of the soil with the water content. It may 
be largely because of these two uncertain factors that 
soil mechanics has for so long lagged behind other 
branches of engineering science. 
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Studies of a more fundamental character resulted in 


the evolution of theories tor the distribution of stresses ‘ — 


and strains in the soil beneath a loaded toundation, tor 
the consolidation of compressible soil, and tor the 
ultimate bearing capacity of soil. 
situ tests were devised tor the determination of the 
fundamental soil properties and empirical data necessary 
for the application of these theories to practical problems, 
Of recent years more and more attention has been paid 
to the correlation of theories and laboratory testing 
with practical observations in the field and with the 
analysis of failures. 

Terzaghi!, in his presidential address at. the 2nd 
International Conference of Soil Mechanics and Founda- 
tion Engineering at Kotterdam, 1948, stated : “ It has 
‘become more than evident that the essence of Soil 
Mechanics is a compromise between the status of an 
exact science, such as theory of structures, and that 
of an empirical one, like geology. The days when 
significant discoveries could be made in the laboratory 
or at the writing desk appear to be gone ; further 
progress depends chiefly on the improvements of 
methods of.measurements on the field, on the scope and 
quality of field observations, and on the adaptation 
‘of the methods of subsoil exploration to practical 
requirements.” 

Many of the older engineers have been mistrustful of 
Soil Mechanics. Perhaps in the early days the enthusi- 
asts tried to claim too much. It has been argued that 
practical experience is worth more than the work of the 
mathematician and the laboratory technician, and that 
the old empirical methods have always stood us in good 
stead. But have they? Are not structural engineers 
constantly being asked to prepare plans for under- 


pinning and other costly repairs to remedy defects in ° 


foundation design ? And what of the countless buildings 
which have collapsed and been demolished, and have 
been forgotten with the passage of time ? Nevertheless, 
the value of experience and common sense must not be 
underestimated. In fact, all soil mechanics specialists 
are agreed that without these qualities no engineer can 
hope to carry out his job successfully, however much 
information about the soil he may get from soil me- 
chanics tests and theory. 

Authorities on soil mechanics do not claim to provide 
--a one-hundred-per-cent. correct answer to ‘all our 
‘practical problems. However, as the result of all the 
work of the past 30 or 40 years it stands to reason that a 
considerable amount of valuable knowledge has been 
gained of the way in which the various factors affect the 
behaviour of foundations. Recent years have seen, on 
the one hand, increasing size and weight of structures, 
- and on the other, increasing costs of labour and material, 
as well as shortages and restrictions of supply. Thus 
the problem of economical and efficient design of 
foundations is more than ever of paramount importance. 


The Mechanics of Foundations 


From the point of view of the way in which the load 
is transmitted to the soil most kinds of foundation, 
other than piles, may be divided into three classes : 

Strip footing, such as the base of a wall, in which the 
load is spread only at right-angles to the wall ; | 

Pad footing, for example, that under a pier or 
column, in which the load is spread in all directions ; 

Raft foundation, in which a number of walls or 
columns are supported on a system of-continuous beams 
and slabs. 

The transmission of the load from the structure 
to the soil may be considered in four stages : the contact 
pressure between footing and soil,-the distribution of 


Laboratory and 7m — 
symmetrical loading the pressure is distributed uni 
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stress in 7 the <6 benéattt the fonda the deformal 
tions or settlements accompanying these stresses, ant 
the form of failure caused by overloading. 


Contact pressure. It is usually assumed that fo 
formly over the contact area. Theoretical analysis a 
well as experimental investigations show that thi 
assumption is generally incorrect. For rigid footings 
cohesive soil the pressure is greatest at the perimete 
of the footing (Fig. 1 (a)), but local deformation of th 
soil under stress concentration tends to produce a mor 
nearly uniform pressure distribution. On cohesionles 
soil the contact pressure is maximum at the centr 
(Fig. xr (b) and (c)). When the footing is relatively 
flexible the pressure distribution is considerably modi 
fied. For eccentric loading on a footing it is customar 
to assume the conventional trapezoidal or triangula 
pressure distribution. This again is open to questior 
and Figs. 1 (d) and (e) show the general type of pressur 
distribution to be expected. ( 

It can be shown that at depths below a footing greate 
than its width the contact pressure distribution assume 


‘a. 4 


. : : a G presione es 


Cohesive 
Soil e. 


ae 


Fig. 1.—-Contact pressure distribution 


has very little effect upon the stresses in the soil, and 
consequently upon the settlement. The chief importance 
of contact’ pressure distribution lies in the determination 
of the bending moments and shears within the footin; 
itself, particularly when the load imposed by a colum: 
wall or pier has to be spread over a relatively large area 
of ground. For economical design the dimensions 
the footing slab should depend on the contact pressure 
distribution, and this in turn depends on the flexibility 
of the footing. 3 


Stress Distribution in Soil below F. ooting 


The stresses in the soil beneath a footing are generally 
computed by Boussinesq’s theory, which assumes a 
homogeneous elastic medium. The formule are cumber- 
some, but tables and diagrams of “ influence factors ” 
have been prepared?, *, by means of which the vertical 
pressures at any depth can easily be calculated. It 
may be asked ‘“Why use a complex mathematical 
theory when the fundamental assumptions of an elastic 
and homogeneous material are far from true?’’ The 
answer is that the mathematicians have done all the 
laborious work for us, and experiments with pressu 
cells have indicated that at any rate as regards recel 
stresses, the calculated values are fairly near the truth, 
provided the soil is reasonably uniform. Why not, 
therefore, be grateful to the mathematicians. aus make 
use ee! the fruits of their labours:-?*.\ 230 ,4-25 Beda 
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When there is considerable variation in the soil 
vithin the depth affected, the theory for homogeneous 
naterial is no longer applicable. Mathematical analyses 
lave been made of the stresses and strains in elastic 
ystems consisting of two or three layers having different 
lastic moduli. The theory, originated by Burmister 
n America, has been extended by the Mathematical 
Division of the National Physical Laboratory. Up to 
he present the theory has been developed mainly for 
avement design,* but it should be possible to adapt 
t for the determination of the stress distribution in 
ayers of soil underlying the foundation of a building. 

Fig. 2 shows the theoretical distribution of vertical 
yressure in an elastic medium below a uniformly loaded 
ircular area. The volume enclosed by a particular 
tress contour—for example that for which the vertical 
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Fig. 2.—Pressure distribution below footing 


ressure is 10 per cent. of the contact pressure—is known 
s the “pressure bulb.’”’ The pressure bulb may thus 
ye defined as a zone beneath the footing in which 
ppreciable stresses and deformations are set up by the 
oad. This conventional idea is useful as a guide to 
he minimum depth to which site investigation should 
ye made, as well as to the interaction which may be 
xpected between foundations which are relatively close 
oone another. Fig. 3 shows some examples of pressure 
ulbs. The bulb under the large foundation (a) shows 
hat the strength and compressibility of the soft stratum 
equire special investigation. It is evident that the 
ffects of such a stratum would not be revealed by the 
mall-scale loading test represented at (b) in the diagram, 
the third example (c) shows the cumulative effect of 
losely-spaced loads. 


Settlement. In general the settlement of a structure 
nay be divided into the immediate settlement due to 
lastic and plastic deformation of the soil, and the 
onsolidation settlement caused by the pressing out of 
ore water from the soil. In cohesionless soils where 
he permeability is high these two occur practically 
imultaneously ; in cohesive soils consolidation is a 
elatively slow process. The above forms of settlement 
re-the direct consequence of thé load imposed by the 
tructure upon the soil beneath. Settlement may, 
iowever, be induced or aggravated by other causes such 
$ mining operations, changes in the water content of 
he soil, or disturbances due to nearby excavations, 
ile-driving or drainage. 


Failure of foundations. Failure may occur in two 
ays. If the settlement, or more particularly the 
ifferential settlement between adjacent parts of the 
tructure, becomes too large; the superstructure will 
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- develop cracks which is serious enough will constitute 


failure. Alternatively, collapse may take place on 
account of shear failure of the soil, accompanied by 
heaving up of the soil on one or both sides of the footing. 


Site Investigation 


The general principles and methods of site investiga- 
tion are fully set out in the Code of Practice “ Site 
Investigations,’’® and a paper by Harding® gives much 
useful information about the methods and equipment 
required. The author therefore confines his remarks in 
this section to a brief summary of some of the more 
important points. 

Before planning the site investigation in detail it is 
usually possible to obtain useful preliminary information 
from geological maps, from direct application to H.M. 


a. Footin 1g 


b. Loading Test 
ty Pit 
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Fig. 3.—Pressure ous 


Geological Survey, and from engineers and others who 
have been concerned with constructional work on 
neighbouring sites. Such information, in conjunction 
with the general character of the structure to be erected 
should enable the designer to decide on the extent and 
nature of the soil investigations needed. 

As has already been mentioned, site investigation is 
generally entrusted to specialists. The planning of the 
investigation is best done by the Consulting Engineer 
in close co-operation with the engineer responsible for 
directing the work. Site investigations are often put 
out to tender, but it is probably more satisfactory in 
most instances to have the work done on a “ cost plus ”’ 
basis. Tendering for such work is very uncertain, and 
may almost amount to.a gamble on the part of the 
contractor. »He is faced with the problem of protecting 
himself against unexpected difficulties involving heavy 
costs, and yet keeping his price at a competitive level. 
It is most important that adequate time should be 
available for the carrying out of the site investigation in 
a thorough and systematic way. Too often the job has 
to be rushed, with unsatisfactory results. 

A site investigation comprises the determination of the 
nature and properties of the soil at a sufficient number 
of points, distributed horizontally over the area of the 
site, and vertically through the maximum depth likely 
to be appreciably affected by the superimposed load. 
Where the strata are known to be fairly uniform, the 
number of test pits or boreholes can be kept small. If, 


- 


50. 


~ however, there is considerable variation over the site, 
even a large number of boreholes may not provide 
- sufficient information, and the engineer must be prepared 
for unexpected variations and difficulties when con- 
struction commences. It may sometimes be desirable 
to carry out a small preliminary investigation, and if the 
results of this show that it is necessary, a more elaborate 
soil survey can be undertaken. . 

The procedure resolves itself into the following : 
access to the soil for sampling, extraction of samples, 
testing, and interpretation of the results. 

For relatively shallow depths, down to about 15 ft., 
the most economical method of access is the excavation 
of trial pits. These have the obvious advantage of 
-permitting- visual examination of the soil, while the 


extraction of samples is comparatively easy. A useful - 


auxiliary tool is the post-hole auger, which can be used 
for depths up to 20 tt. in cohesive soil free from stones. 
For some small jobs the auger is adequate without the 
need for more elaborate equipment. 

For most of the classification and identification tests 
the samples of soil may be in the disturbed state, and the 
extraction of such samples either from an excavation 
or from the bottom of a borehole presents no special 
difficulties. For shear and consolidation tests on 
cohesive soil, however, undisturbed samples are essential. 
The usual method is to drive a cylindrical sampling tube 
with a cutting edge into the soil, give it a twist to 
shear off the bottom of the sample, and then withdraw 
the tube. The ends are sealed up to preserve the 
natural moisture content. 

The extraction of undisturbed samples of cohesionless 
soil has hitherto presented great difficulties. A device 
for this purpose has been developed by Bishop’ and 
it is claimed that from the samples thus obtained the 
properties of the soil in its undisturbed state can be 
measured with fair accuracy. 


The following tests are usually required : 


Tests Remarks 


Classification and 
Identification Tests 
Natural water content 


Specific gravity of soil 
particles Necessary for wet analysis. 

Sieving for coarse material ; wet 
analysis for silt and clay frac- 
tions. 


Particle-size analysis 


Liquid and plastic limits Fine-grained soils only. 


Soul Properties 
Density Undisturbed and sand _ replace- 


ment methods. 


Shear box, triaxial and unconfined 
compression, vane, 


Shearing Strength 


- Compressibility Oedometer test. 


Of the above, all the tests except those for shear 
strength and compressibility are specified in B.S. 1377 
(1948) “‘ Methods of Test for Soil Classification and 
Compaction.’’® 

From the visual inspection and the results of the 
classification tests the various types of soil encountered 
on the site can be classified in accordance with Table I 
in the Code of Practice, “‘ Site Investigation.’”’ In this 
classification system soils are divided into three main 
groups : cohesionless, cohesive and organic. The soils 
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~ of these, and may be represented by Coulomb’s equation }; 


and certain composite soil types are included. — 

‘In addition to the information necessary for th 
classification of the soil according to its composition an¢ 
physical properties, certain geological data shoul 
always be recorded. This should include the geologicd 
origins of the soil deposits (glacial, alluvial, wind-borne 
etc.), and their relation to the well-known geologica 
systems and series. A sound appreciation -of th 
geological conditions of the site can do much to obviate 
serious mistakes which sometimes arise from borehole 
observations. Familiar examples include boulders mis 
taken for bedrock, small pockets of sand or . grave 
assumed to be a main stratum, and the failure to detect 
a fault or irregularity in the geological formation. —_ 

- A simpler classification is given in the Table I (Bearing 
Capacities) in the Code ot Practice “‘ Foundations.” 4 
Here nineteen types of “soil’’ are specified, aa 
in five groups : rocks, non-cohesive soils, cohesive souk 
peat and made ground. 

On account ot the difficulty of extracting undisturbe¢ 
samples of sandy soil, and because the strength of such 
soil varies considerably with the degree of compaction; 
penetration tests are often used to determine the 
properties of the soil 7m situ. In the American standare 
penetration test described by Terzaghi and Peck,?° 
sampling spoon of standard design is driven into the 
soil at the bottom of a borehole by blows from a drop 
weight. From the number of blows required to produce 
a specified penetration the density and compressibility 
of the soil can be estimated, and the samples brought uf 
by the spoon are used for identification and ee 
purposes. 

Other forms of 17 situ penetration test have been 
developed, principally for the measurement of the 
bearing capacity of soil for pile foundations. Examples 
of these are the Dutch “ deep-sounding ’’ procedure™ 
and the “ pre-piling’’ method described by Gower 
Pimm,” in which the toe resistance and the skin frictigy n 
can be separated. 


Soil Properties _ 
The principal soil properties which affect foundation: 
design are shearing strength and compressibility. 
The shearing strength of soil is usually considered to 
consist of cohesion, internal friction or a combination 


Sa=—- 0: .¢ tana, 
~where s = shearing resistance, 
c = cohesion at zero normal stress, 
s = normal stress on shear plane, 
@ = angle of shearing resistance. 
Strictly speaking, the term compressibility denotes the 
contraction in volume under the action of pressure, this 
contraction being due to reduction of voids by the 
expulsion of water. The rate at which this contraction 
takes place depends on the permeability of the soil and 
the length of the drainage path by which the water 
escapes. The settlement of a structure depends not 
only on the compressibility of the soil as defined above 
but also on the elastic and Blase deformation of the 
soil structure. 


SHEARING STRENGTH 


Shear Tests. The principal laboratory methods of 
measuring the shearing strength of soil are the shear box, 
the triaxial compression and the unconfined com. 
pression.1? In the first a specimen of soil is sheared 
directly by a horizontal force, while a constant normal 
pressure is maintained on the plane of shear by means 
of a dead load. The ae of the test are plots) 
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ectly as in Fig. 4 and the constants c and 2 are read 
-from the graph. 


In the triaxial apparatus a cylindrical sample enclosed — 


a thin rubber membrane is subjected to uniform 
iter pressure. The axial load is then steadily in- 


xased until failure takes place. If o, is the uniform . 


‘eral pressure and o, the axial compressive stress at 


: sae+crtang ay 


Shear Strength  s 


Nermal Stress cr 


Fig. 4.—Coulomb’s Law 


ilure, the stress conditions may be represented by the 
ohr stress circle (1).as shown in Fig. 5. If the hori- 
mtal axis of the diagram represents the plane on which 
@ major principal stress o, acts, then the line AR 
presents the plane of rupture. The coordinates of R 
e respectively the normal stress so and the shear 
ress s on that plane. Thus the application of the 
teral pressure is a means of applying a normal stress 
1 the plane of rupture. The test is then repeated 
ith a different lateral pressure, giving the circle (2). 
ae constants c and 2 are determined by drawing a 
mmon tangent (known as the Mohr envelope) to the 
yo circles. In practice at least three tests are made 
order to define the Mohr envelope more accurately. 

A simpler form of shearing test commonly used for 
turated clays is the unconfined compression test, which 
usually carried out on the site using portable appara- 
s. In principle it is a special case of the triaxial test 
which the lateral pressure oc, is zero. As only one 
ohr circle is obtained from this test the value of 2 
nnot be determined. The test is therefore restricted 
immediate or undrained tests on saturated clays for 
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Fig. 5,—Shear strength from triaxial test 


hich, as explained below, the angle of shearing resist- 
ice @ is zero. 
Another form of direct shear test, known as the vane 


st,!4 has-recently been developed. A cruciform vane 


pressed into the soil at the bottom of a borehole. 
easurement is made of the torque required to rotate 


e vane at a steady rate. It is assumed that the clay © 


ears along the surface of a cylinder: of diameter and 
sight equal to those of the vane. This test has advan- 
ges over other types. for very-soft clays. and it is 
aimed that. it gives more reliable results at great depths 
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where the extraction of representative undisturbed 


samples presents difficulty. 


Coulomb Law. For an ideal material possessing both 
cohesion and internal friction and with physical proper- 
ties which remain constant within ordinary ranges of 
stress the quantities c and @ would be constants, which 
could be determined by carrying out two or more tests 


-with different normal pressures acting on the plane of 


shear failure. For soil, however, the quantities c and 2 
vary with its water content and density, and thus 
depend not only upon the state of the soil before loading 
but also upon the drainage conditions which apply 
during the process of loading and shearing. Whena 
pressure is applied to saturated soil it is resisted partly 
by the inter-granular pressure oe and partly by the 
water pressure “4 in the pore spaces. The pressures are 
related by the equation 
o=o+u 
The frictional resistance depends on the intergranular 
pressure, which for this reason is often termed the 
“effective’’ pressure. Fundamentally the shear 
strength equation is of the form 
s=c-+o,tan 9 =c-+ (oc —u) tan g 
but since the pore-water pressure w is often unknown 
it is more convenient to use the applied pressure o 
instead of the effective pressure. The equation there- 
fore becomes 
S$. ==6.-- 6 tan 
in which the quantities c and @ are considered as 
empirical constants. rather than fundamental soil 
properties. For this reason c is generally called the 
apparent cohesion and @ the angle of shearing resistance. 


Drainage conditions. Shearing tests for soils are 
classified as follows :— 

(a) Immediate or Undrained Tests : the samples are 
subjected to applied pressure under conditions in 
which drainage is prevented. The samples are then 
sheared, also under conditions of no drainage. 

(b) Consolidated—Undrained Tests : before testing, 
the samples are allowed to consolidate under a certain 
pressure ; they are then subjected to undrained tests 
as in (a). 

(c) Drained Test : shearing is carried out slowly, 
simultaneously with consolidation, under conditions 
of no excess pressure in the pore space. 

The terms ‘quick,’ ‘‘ consolidated-quick”’ and 
‘slow’ are sometimes used to describe these three 
types of test, and suffixes u, cw and d are used to dis- 
tinguish the coefficients ¢ and @ for the above three 
conditions. The true. cohesion and angle of internal 
friction are distinguished where necessary by the 
symbols ce and @r respectively. 

The choice of test conditions depends on the purpose 
for which the shear strength is required. The guiding 


principle is that the drainage conditions of the test 


should conform as closely as possible to those under 
which the soil will be stressed in practice. 

Immediate or undrained tests are generally used for 
foundations on clay soils, since during the period of 
construction only a small amount of consolidation will 


have taken place, and consequently the water content 


will have undergone little change. With sandy soils 
consolidation occurs relatively rapidly and is usually 
completed during the application of the load. Tests 
on sand are therefore generally carried out under drained 
conditions. 


Shear strength of sand. Sandy soils are generally 
regarded as being cohesionless, their shear strength 
being wholly dependent upon internal friction. The 
angle of friction 2+ is not constant, but varies with the 
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density of packing, being least when the Saad is in the 
loose state. The angle of repose, that is, the angle to the 
horizontal at which a heap of sand will stand without 
support, is approximately the same as the angle of 
friction in the loose state. 


Shear strength of clays. With cohesive soils the values 


-. of the constants c and @ vary with the drainage con- 


ditions. The results of immediate or undrained shear 
tests (Fig. 6) on saturated clay show that the shearing 
resistance is apparently independent of the normal 
_ pressure. In other words, the angle of shearing resist- 
ance Su = 0. This is accounted for by the fact that 
when the normal pressure is applied it is at first taken 
up by the pore water without increasing the effective 
pressure. -It is. often erroneously inferred that clays 
possess no internal friction. If the angle of internal 
friction were zero the plane of shear failure in a com- 
pressive test would be at 45° to the cross-section of the 
- specimen. In such tests the inclination of the plane 
of failure to the cross-section is always greater than 
45° showing that internal friction does exist. 

The assumption that under undrained conditions the 
angle of shearing resistance @u (as distinct from the true 
angle of friction) is zero is often known as the“ 9 =0” 
assumption.?® It leads to considerable simplification 
of stability analysis, and appears to be justified by the 
results of practical observations under conditions which 
correspond closely to those of the undrained test. Where 
this assumption is valid the unconfined compression 


Shear Strength s 


Applied Normal Stress o 
Fig. 6.—Shear strength of clay—undrained 


test or the vane test can be used to determine the 
apparent cohesion cu. 

If the applied pressure continues to act for some time 
the soil is consolidated, its void ratio is reduced, and its 
true cohesion is increased. If the true angle of friction, 

@+, were known, a Coulomb line could be drawn for any 

given void ratio. In Fig. 7 two such lines are shown, 
corresponding to two different values of the void ratio. 
The lines are not necessarily quite parallel, as @: may 
vary slightly with the void ratio. 

The consolidated-undrained test is carried out in two 
stages. During the first stage drainage, and therefore 
consolidation, takes place under a certain pressure p. 
During this consolidation the void ratio of the soil is 
reduced from, say, ¢; to ¢2, with a corresponding increase 
in cohesion. If several samples which have been 
consolidated under the same pressure p are then tested 
with different normal pressures on the plane of shear the 
results will be similar to those of the immediate un- 
drained test. Thus for saturated clay @eu = 0, but 
the apparent cohesion ceu has a value corresponding to 
the void ratio after consolidation. 

In the drained test, the consolidation and shearing 
processes take place simultaneously, but at a sufficient 
slow rate for changes of water content to keep pace 
with changes of stress. The effective stresses are equal 
to the total stresses. The Mohr circle for each testis 
tangent to the Coulumb line corresponding to the void 
ratio at which failure takes place. The envelopé:of 


these circles is the fines ‘AB (Fig. 7) from: ‘wihtel th 
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constants for the drained test ca and @a are obtaine 
It will be noticed that @ais greater than 2. | 
Partially saturated cohesive soils, as well as some 
saturated silts and some mixtures of sand and cla 
exhibit an angle of shearing resistance (undrained) 2 
greater. than zero.. Such soils are sometimes terme 
cohesive-frictional or “‘c- @ ”’ soils. 
For stability analysis it is often convenient to conside 
soils as falling into one of the following idealised types 
(a) Frictional (c = 0) 
(b) Cohesive-frictional (c- 2) 
(c) Cohesive (@ = 0) ‘q 
Variation of Shear Strength of Cohesive Soil with Dept 
In a uniform deposit of clay, normally consolidate 
under its own weight, the void ratio decreases with th 


s 


Shear Strength 


Normal Stress oT 
Fig. 7.—Shear strength of clay—drained 


depth. Consequently the strength increases with depth 
as shown by the line OB in Fig. 8,.and the ratio of t 
shear strength c to the overburden pressure # is approxi 
mately constant. It has been found, however, that 
particularly with sensitive clays, the ratio of the actua 
shear strength to the overburden pressure is appreciabl 
less than that estimated from samples consolidated i 
the laboratory. The discrepancy is probably due t 
the lateral pressures in the ground being less in relatior 


0! Original Ground Surface 


Present Ground Surface 


Overburden Pressure 
at depth z 


Shear\ Strength af depth z 


Fig. 8.—Variation of shear strength with depth 


to the vertical pressures than in the laboratory ie 
solidation process. 

With over consolidated clay the shear strengtial 
roughly proportional to the depth below the level of t 
ground at the period when consolidation originally ie 
place, as‘shown. by the line Q'B’, Near the surfa 
the strength is affected by partial drying out of the clay 
and the shear strength curve may at first show a a 
with depth. 

It. is: well. established that. the shear strength of ret 
moulded clay’ is Epos less than that of the same soil 

a 


es j 


fie’ Aina eaticd state. “The loss of strength varies 
y much with different types of clay. Clays which 
wa considerable loss of strength are known as 
msitive.” Sensitivity is often of great practical 
portance when clay soil is cone by pile-driving, 
avation or Oren causes. 


TIMATE BEARING CAPACITY 


The ultimate bearing capacity of a soil is the contact 
ssure between the footing and the soil at which shear 
ure of the form shown in Fig. g takes place. Most 
iories for ultimate bearing capacity are based on the 
1aviour of an ideal material. Modifications are made 
simplify the analysis, to allow for the frictional 
yperties of the soil, and to bring the theoretical and 
served forms of failure into closer agreement. Skemp- 
116 gives a critical review of various theories, as applied 
cohesive soil, and correlates them with capomaa res 
fa. 

Fig. 9 shows the mechanism of failure on which some 
these theories are based. Prandtl (Fig. 9 (a)) con- 


q 


Nee 


Meyerhof 
(deep footing) 


3. 9.Assumed methods of failure under loaded footing 
ered a load applied to the surface of a plastic medium, 
> weight of the material displaced being neglected. 
r cohesive soil ( # = 0) the ultimate bearing capacity 
of a strip footing is given oy 


qu = (7 + 2) 0 = 5.146. 


Later theories, such.as that of Terzaghi (Fig. 9 (b)) 
ce into account the weight of the displaced soil, and 


footings below the surface the effect of the over-- 


rden is treated as a surcharge load applied ‘at the 
el of the base. Meyerhof*’ has carried the analysis a 
ge further as shown in Figs, 9 (c).and 9 (d), which 
licate the assumed soil Heipectients for shallow. and 
P footings respectively. o gat 


3 Dp ae 2} 


* ae any depth ; 
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~ The generally accepted formule for ultimate bearing 
capacity are of the form: 
gu = CNe+yzNq+0.5. By Ny for a strip loading 
Go = 103 Not yeNa+0.4 ByNy for square footings 
qu = 1.36Ne+y2Nq+0.3ByN, for circular footings 
where 


qu = ultimate bearing capacity 
¢ = cohesion 
= density 


Y 

B = breadth of footing 

z = depth of footing 

@ = angle of shearing resistance 

Ne, Nu ,Ny = bearing capacity coefficients. 


The first term in these equations represents the effect 
of cohesion, the second the effect of depth, and the third 
that of breadth in increasing the ultimate bearing 
capacity. 

Curves showing Terzaghi’s values of the bearing 
capacity coefficients for different values of @ are given 
in most text-books on Soil Mechanics, and these are 
suitable for relatively shallow foundations. Meyerhof, 
from his theory of deep foundations!’, has deduced a 
series-of curves showing the variation of the coefficient 
with depth as well as with the angle of shearing resist- 
ance. The depth parameter is expressed by the inclina- 
tion ® of the ‘“ equivalent free surface ’’—the line BE 
in Figs. 9 (c) and (d), For the deep footing in Fig. 9 (d) 
it will be seen that 8 = go°. Some examples of Meyer- 
hof’s curves giving the bearing capacity coefficients for 
strip loading are shown in Fig. 10. 

When the base of the foundation is below ground 
level it is usual, when finding the maximum safe bearing 
capacity, to consider the nett pressure on the soil, that 
is, the pressure additional to the overburden pressure. 
Thus with a load factor F the maximum safe bearing 
capacity qo for a strip footing would be given by 


I 


tree =| Not (Nq — 1)+0.5 By vb yz 


Bearing Capacity of Cohesive Soil. Yor cohesive soils 
under undrained conditions @ = 0, and Nq = 1 and 
Ny = The equation for strip footings thus becomes 


qu = No + 2 


in which the second term represents the pressure of the 
overburden removed. 

The following simple rules have been suggested by 
Skempton!® for the ultimate bearing capacity of cole 
soil : 


Depth. Ne 


5 for strip footing. 
6 for square or circular footing. 


At surface 


D 
(1 + 0.2 —-) X Ne at surface. 
B 


DIB < 24 


Jysgis 
1.5 xX Ne at surface. 


Ne for rectangle (. x B). 
BR 


= { +0.2 — x Ne for strip. 
de 


= = ors = —== a : a 
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It can be shown that when a strip load of width BL 


and of intensity g per unit area is applied to the surface 
of an elastic medium, the maximum shearing stress 
occurs at a point vertically below the centre of the load 
at a depth B/2, and its value is q/x. Thus in cohesive 
soil-of shear strength ¢ the shear stress at that. point 
will reach its ultimate value when g = nc. or 3.14¢. 
Complete failure does not occur until g reaches a value 
of more than 5c. Between these values of g, since the 
overstressed soil is laterally confined, redistribution of 
stress takes place with a limited amount of plastic flow. 
In soft soils, however, it is possible for progressive 
settlement from this cause to occur before the condition 
for complete failure is reached. This is known as 
“local shear failure.” By using an adequate load 
factor against complete failure, and by limiting the 
allowable settlement as explained below, local shear 
failure can usually be disregarded for shallow founda- 
tions. For very deep foundations local shear failure 
is more likely to be of importance, and has been taken 


soil is fairly uniform the elastic theory can be appli 
without serious error to the determination of the vera C 


() i ercolida tion or - eompaction: ‘by ‘the clos 
packing of the particles accompanied by the Temov| 

. of water and air from the voids. 
In fine-grained soils of low permeability - ithe latté 
effect is very slow and may be considered separate 
from the others. The first‘two are often described a 
“immediate ”’ settlement. Plastic flow is, of cour 
progressive with time, and the term “immediate ” 
used only in a relative sense. Fig. 11 shows a type 
load/settlement curve for cohesive soil, in which near 
all the deformation is “immediate.” By drawing 
tangent to the curve at the origin the elastic and plas 
components of the settlement can be separated. 


Settlement of Cohesive Soil. The assumptions maa 
the- elastic theory—homogeneous material and _ line 
stress/strain relation—are not strictly applicablall 
soils. While it is generally accepted that provided tf] 


N- 
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Bearing Capacity Coefficient 
Bearing Capacity Coefficient N, 


Angle of Shearing ResisFance p 
Fig. 10.—Bearing capacity coefficients (after Meyerhof) 


into account by Meyerhof in evaluating his bearing 
capacity coefficients. 


Bearing Capacity of Cohesionless Soils. Since there 
is no cohesion, the first term in Terzaghi’s expression 
for ultimate bearing capacity is zero. As the angle of 
friction @ increases the bearing capacity coefficients 
Nq and Ny, increase rapidly. The ultimate bearing 
capacity therefore increases indefinitely with the width 
and depth of the foundation, but as the settlement under 
a given intensity of loading tends to increase with the 
width, the allowable bearing pressure is governed by 

-settlement considerations for all except relatively small 
or narrow shallow footings. 

The bearing capacity of cohesionless soil is consider- 
ably reduced by saturation with ground water, since if 
the base of the foundation is below ground water level 
the effective density of the soil is reduced to its sub- 
merged value. 


COMPRESSIBILITY AND SETTLEMENT 


When a compressive load is applied to the soil beneath 


a foundation, the deformation may be divided into: 
(a) elastic deformation, which disappears when the 
load is removed ; ; 
(b) plastic or non-elastic deformation ; 


‘the settlement ¢ is given by an expression of the form 


Bearing Capacity Coefficient Ny 


To O at D =o 


pressure beneath a loaded area, it is of doubtful value fo 
estimating settlement. It can be used, however, 
give a rough approximation to the immediate settlement 
of cohesive soil. 


If a load is applied to the surface of an elastic mediun 


p ag 
Bon 
where B = width of loaded area ¥ 
gq = average intensity of loading per unit area 
E = modulus of elasticity q 
« == a coefficient depending on the shape of thi 


loaded area, on the distribution of contaeé 
pressure, and on Poisson’s ratio for th 
material. 


Even if this expression is accepted, the determinatio 
of a suitable value of E presents difficulties. The 
stress/strain curve for soil is not linear, hence E varies 
with the stress. . The deformation produced by a loadec¢ 
area is the summation of the deformations of a series 0 
elements stressed to different amounts and therefor 
having different values of the modulus. Provided th 


mary, 19 
is reasonably homogeneous to a depth of at least 
ce the width of the loaded area, the value of «/E 
ermined from a loading test carried to the same 
sity of contact pressure can reasonably be used. 

‘kempton!® compares the load/settlement curve 
ained from a bearing test on cohesive soil with the 
»ss/strain curve from an unconfined or triaxial com- 
ssion test and points out the similarity in shape over 


Load 


rp 


oe, 
‘7, ; 
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—Flastic SetHement 


— Plastic Settlement 


Settlemenf |. 


- Fig. 11.Typical load/settlement curve 


ies of stress up to well over half the ultimate values. 
is similarity would appear to be coincidental, since 
a compression test the stress is approximately uni- 
m, whereas under the loaded area the stress distribu- 
n is very complex. Also, in the compression test the 
eral pressure is constant ; in the ground the lateral 
ssure on any element increases in proportion to the 
slied load. It can be shown that for a rigid circular 
ting on the surface of an elastic medium for which 
isson’s ratio is 0.5 the value of «is approximately 0.6. 
empton therefore suggests that the equation 


Eos 0.69 


B E 


1 be used to estimate the immediate settlement, E 
ng taken as the secant modulus obtained from an 
confined or triaxial compression test over an appro- 
ate range of stress. 

Another method of predicting “immediate ”’ settle- 
nt from loading tests is based on Housel’s “‘ perimeter- 
ar’’ theory. The bearing pressure g required to 
yduce a specified settlement is given by the expression 


Pp, 
P= -— 2 - Mm 


which P is the perimeter and A the area of the applied 
d, and m and are empirical constants for the soil, 
ich can be found by making tests on bearing plates 
different sizes. The concept of perimeter shear is 
rely empirical, but with cohesive soil it appears to 
e results in accordance with experience. For co- 
sionless soil the “‘ perimeter-shear ’’ effect—the first 
m in the above equation—is very small; 

[he compressibility or consolidation settlement of 


1esive soil is effectively demonstrated by the cedometer _ 


t. A laterally confined sample of soil is compressed 
‘ween two porous stone discs, which allow water to be 
1eezed out gradually. An increment of pressure 
plied to the soil is at first resisted by the pore water. 
der this head the water begins to flow towards 
th surfaces and to escape through the porous stones. 
cause of the low permeability of the soil the rate of flow 


55 


is very slow. Eventually equilibrium is reached, and no 
further consolidation takes place. The volume of the 
sample has been reduced by that of the water expelled. 
The intergranular pressure is now equal to the applied 
pressure and the pore water pressure is zero. If the 


applied pressure is then reduced negative pore pressure 


(in other words tension) is set up, and water is sucked in 
causing an increase in volume. Since the soil matrix 
is assumed incompressible the volumetric change is 
almost entirely due to change in water content. 

If a series of pressure increments is applied, each 
pressure being maintained steady for sufficient time for 
equilibrium to be reached, the curve of void ratio plotted 
against pressure thus obtained is of exponential form 
as shown by AB in Fig. 12. If when some point C is 
reached, the pressure is released by similar stages an 
expansion curve such as CD is obtained, much flatter 
than the compression curve. If the soil is afterwards re- 
compressed the new compression curve will follow the 
expansion curve closely as shown by the dotted line DC, 
and if compression is continued beyond C the curve 
will be a continuation of the original compression curve. 

Soil deposits in nature have undergone a natural 
process of consolidation. Starting at the liquid limit 
when deposited in water, the soil has been subjected to 
increasing pressure as more and more material has been 
deposited above it. Water is gradually squeezed out 
and the soil consolidated. 

In the course of geological history some deposits of 
soil have been consolidated and subsequently relieved 
of some of the pressure by erosion. Clays which have 
undergone steady natural consolidation are often 
described as “normally consolidated,” while deposits 
which have been consolidated and then relieved of some 
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Re- compression 


Void Ratio e 
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Fig. 12.— Void ratio/pressure curves 


‘ 


of the pressure are known as “ over-consolidated.’’ 
Soils of the latter type are naturally less compressible 


. than normally consolidated soils. 


The experimental pressure/void ratio curve often 
gives useful information about the past geological 
history of the deposits. It will be seen that in the 
process of natural consolidation for any pressure there 
is. a corresponding void ratio for equilibrium, If, 
however, the soil has undergone compression followed 
by expansion and perhaps recompression, the equilibrium 
value of the void ratio will be less than that for the same 
pressure under conditions of original consolidation. 

The probable settlement of cohesive soil due to con- 
solidation is usually estimated by means of Terzaghi’s 
well-known theory. The factors involved are the depth 


extent and properties of the compressible soil stratum, 
and the magnitude and distribution of the additional 
pressure imposed by the weight of the structure, 

The principal assumption* made is that drainage 
takes place in the vertical direction only. Drainage 
may be either two-way or one-way, according to whether 
permeable strata exist both above and below the com- 
pressible soil, or at only one of the boundaries. 

In applying the results of the consolidation test to 
settlLment analysis two coefficients are used. 

The coefficeent of volume compressibility, my, is the 
volumetric change per unit pressure increment. In 
symbols, for a sample of thickness / reduced an amount 
84 by an increment of pressure 8p, 


change in unit. volume sh 
= 
change of pressure h 
I dh 
which in the limit becomes— —. Instead of calculat- 
h dp 


ing void ratios and plotting the pressure/void ratio 
curve, the thickness ot the specimen 4 may be plotted 
against the pressure p. The slope of this curve divided 
by # is the coefficient my. This coefficient is the inverse 
of a pressure, and is usually expressed in the units 
ft?/ton. 

The coefficient of consolidation, cv, which is used in 
estimating rate of settlement, is defined as the ratio 
kjmvyw, Where & is the permeability of the soil and yw 
the density of water. The coefhcient of consolidation 
has the dimensions (length)*; time, and is expressed in 
units such as in?,min or ft? aa 

The theoretical settlement/time curve is of the form 
shown in Fig. 13. Here, as in the cedometer test, the 
full load is applied immediately. For practical struc- 
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Load applied instantaneously 
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Fig. 13.—Settlement/time curve 


tures it is generally assumed that the lower part of the 
~ curve is approximately the same as if the full load were 
applied instantaneously at about the middle of the 
period of construction. It will be seen that, although 
the settlement may take many years to reach a state 
of equilibrium, a small but appreciable proportion of 
the final settlement, perhaps of the order of five per cent., 
may develop during construction. 

The first step in settlement analysis is to calculate the 
pressure distribution through the compressible soil. 
Examples of pressure distribution curves are shown in 
Fig. 14. In one example the compressible stratum 
extends from immediately under the foundation to a 
considerable depth below. In the .other there is a 
conipressible layer underlying a stratum of sandy soil 
which is permeable and _ relatively incompressible. In 
either case the probable settlement ¢ is given by 

= myA 


The Sirctuval Eneiad 


hoe A is the area of ee applied pressure dey ar 
shown shaded in Fig. 14. = 


In order to allow for variations in the value of my « 
different depths the compressible soil may be divide 
into layers, and the settlements of these layers calculate 
and totalled. . 


When a structure is founded directly upon | 
pressible cohesive soil extending to a considera’ ) 
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Fig. 14.—Pressure distribution under footing 


depth, with a relatively permeable stratum underneath 
a rough approximation to the settlement can be obtaing 
as follows. It can be shown from the consolidati@ 
theory that for a square or circular loaded area 
approximate settlement is given by 


— 0.8 My J 


ae ee eM 4 


where my is the average value of the coefficient of volum 
compressibility over the appropriate range of pressur 
as obtained from the cedometer test. It will be note 
that the cquation is similar in form to the expressio 
for immediate settlement, since my is dimensionall 
equivalent to the reciprocal of an elastic constant. 


In the preceding paragraphs we have been considerin 
the mean settlement of a uniformly loaded area. It1 
well-known that a uniformly distributed load produce 
a dish-shaped settlement, for example, with unifort 
pressure on a square area the settlement at the coma 
is theoretically half that at the centre. 


The shape of the settlement profile, as well as th 
distribution of contact. pressure, is therefore depender 
on the rigidity of the base. Thus, on cohesive soi 
conditions may range between a rigid footing, settlin 
uniformly but with extremely high contact pressure a 
the edges (as in Fig. 1), and a tlexible footing whic 
conforms to the natural shape of the deformation cause 
by uniform pressure. 


Settlement of Cohesionless Soil. Unfortunately th 
settlement characteristics of sandy soils are difficult t 
determine experimentally. ‘They depend upon the ang! 
of friction, which in turn depends upon the density ¢ 
packing of the grains. Because of the difficulty « 
extracting undisturbed samples of sandy soil, a reliabl 
estimation of settlement cannot be made froni laborator 
tests. Rough approximations can, however, be mad 
from in-situ plate-bearing or penetration tests. 


_ Terzaghi and Peck?® give an empirical relation betwee 
the settlement pe for a loaded area of width B ft. and th 
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tlement Pa for a loaded area I ft. square under the 
ae intensity of loading g per sq. ft. of area 


aN oe } 
Bee (B+ 1 


This ratio tends towards the limit 4 as B becomes very 
ge. 

Kor a specified maximum settlement ¢ of the full-sized 
indation the settlement , of the 1 ft. square plate is 
ren by 


The intensity of loading qu required to give this settle- 
ant is the allowable bearing pressure for thé settlement 
specified for the full-sized foundation. 
Tests using a bearing plate of r sq. ft. area loaded 
, Say, 4 or 5 tons, {t.? are not easy to carry out, and the 
e ot smaller plates is ruled out by the probability of 
ear failure. For this reason penetration tests such 
the Dutch deep-sounding test“ and the American 
andard penétration test 1° are sometimes used to give 
rough guide to the allowable bearing pressure tor a 
eciied amount of settlement. The results of such 
netration tests must of course be correlated to observa- 
ns from bearing tests or to the measured settlements 
actual structures. 


Design of Foundations 


In designing the foundations with an adequate margin 
Safety as regards the two types of failure, excessive 
ttlement and collapse, it is necessary first to consider 
e general design ot the superstructure. Is it to be of 
xible or rigid construction ? Is it to be an elaborate 
id relatively expensive building, or a_ utilitarian 
ructure to be erected at the minimum of cost consistent 
th functional requirements ? 
The depth of the foundations will often be determined 
7 considerations such as basement accommodation 
quired or levels of sewers, which must be t~eken into 
count. On compressible soil the benefits of deep 
isements in limiting the settlement should be borne 
mind. 

The designer should now be in a position to decide 
yon the type of foundation to be adopted—independent 
otings, ratt foundation or piles. Finally, by consider- 
g all the relevant factors in relation to the probable 
ethod of failure, shear or settlement, he can proceed 
the detailed design. 


LLOWABLE SETTLEMENT 


The permissible differential settlement obviously 
Ties considerably with different types of structure, and 
ere seems to be little information available for the 
idance of the designer. Two principal effects of 
fferential settlement have to be considered : (a) the 
bility for cracks in ceilings and wall coverings and the 
urping of level floors ; (b) the redistribution of reactions 
id moments in the members of the structure itself. 
1e first of these criteria usually governs in ordinary 
ildings, while the second often applies to bridges, 
aducts, etc. With tanks, water towers and similar 
ructures conditions similar to (a) apply, the criterion 
ing freedom from cracks which would impair the 
\perviousness of the structure. 

Terzaghi and Peck!®, from a study of settlement 
cords, state that the differential settlement of uniformly 
aded continuous footings and of equally loaded spread 
otings of approximately the same size is unlikely to 
ceed 50 per cent. of the maximum settlement, and 
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that most ordinary structures such as office buildings, 
apartment houses or factories can withstand a ditferen- 
tial settlement of ? in. They suggest that the allowable 
pressure should be chosen so that the maximum settle- 
ment of an individual footing is r inch. With flexible 
raft foundations, because ot the smoothing out of the 
efiects of non-uniformity of the soil, it is suggested that 
a maximum settlement of 2 inches is unlikely to result 
in excessive ditterential settlement. 

. Tschebotarioti!® goes even turther and states that as 
long.as the total settlement does not exceed 2 or 3 inches 
no damage is to be expected in most buildings. 

Some designers wo1k to the rule that the maximum 
difterential settlement between two adjacent walls or 
columns must not exceed a certain fraction of the span, 
on the same principle as the ordinary detlection limita- 
tions used in tloor design. This seems a more rational 
approach, and it would be helpful to designers if more 
data were available as to the maximum differential 
settlement which can be tolerated with different types 
ofinterior finish. The problem of the loads and moments 
in the tramework set up by ditferential settlement is 
considered later. 


EFFECTIVE LOAD 


When designing a building for safety against shear 
failure, it is usual to take the maximum combination of 
dead and live load, as used in the design of the stanch- 
ions. In addition, eccentricity of loaaing due to wind 
pressure or other causes may have to be taken into 
account. For settlement analysis it would be incorrect 
to use the maximum combination of loads, since in most 
structures such a condition rarely arises, and then only 
for a very short time. For example, a concert hall is 
heavily loaded for short periods of time, with longer 
periods in between when only the dead load is acting. 
A warehouse, .on the other hand, may carry its full load 
for a much greater proportion of the time. During 
recent years many observations of actual settlements 
have been published, compared with the values predicted 
from soil tests. In these, various arbitrary assumptions 
have been made as to the etfective load. An example 
is given. by Cooling?® of a grain silo at Oxford. Observa- 
tions of settlement were made over a period of about 
44 years, and the intensity of loading was also recorded. 
The settlements showed considerable fluctuation, follow- 
ing closely the variations in the loading. Two theoretical 
settlement curves were calculated from the soil proper- 
ties ; one for dead load only and the other for dead load 


plus one-third of the maximum live load. The former 


slightly underestimated the settlement at the end of the 
period ; the latter overestimated the final settlement, 
but covered the fluctuations more effectively. 5 

To enable estimates of long-term settlement to be 
made more accurately, data should be collected of the 
variation of loading, over long periods of time, on differ- 
ent types of structure. A series of “ time-average ” 
factors could then be specified, appropriate to various 
classes of structure, and these could be used to determine 
the effective load for consolidation purposes. The 
effective load would thus be the dead load plus the live 
load multiplied by the factor. The frequency of 
application and the rate of build-up of the live load 
must also have some effect, and could be allowed for in 
these time-average factors. 


ALLOWABLE BEARING PRESSURE 


The maximum safe bearing capacity is defined as the 
maximum intensity of loading that the soil will carry 
without risk of shear failure irrespective of any settlement 
that may result. This is arrived at by dividing the 


5% 
ultimate bearing capacity by a factor 4 safety or load 
factor, usually at least 3. 

The allowatle bearing pressure is the maximum 
_ pressure which can be applied, taking into account both 
shear failure and settlement. If settlement conditions 
govern this will be less than the maximum safe bearing 
capacity. 


During the period of erection ae a structure the effects. 


of any differential settlement are generally compensated 
for in the course of construction. On cohesive soil such 
settlement is mainly the so-called “ immediate ”’ settle- 
ment due to elastic and plastic deformations, but, as has 
been previously mentioned, a small proportion of the 
consolidation settlement is bound to take place during 
the period of construction. 


Allowable Bearing Pressure qo 


Breadth of Footing B 
Fig. 15.—Allowable bearing pressure—cohesive soil 


. For cohesive soil the ultimate bearing capacity is. 


independent of the breadth of footing B. As B increases, 
a greater depth of soil is affected, and the settlement 
increases roughly in proportion. For a given maximum 
settlement, therefore, the allowable bearing pressure is 
approximately inversely proportional to B. ‘The varia- 
tion of allowable bearing pressure with breadth of footing 
is shown diagrammatically in Fig. 15. 

Where the foundation is on unitorm compressible 
soil extending to a great depth a rough approximation 
to the greatest breadth for which shear failure governs 
can be obtained as follows. It has been shown that the 

- approximate consolidation settlement is given by 
e 
—= 08 Mv 


At the point A in Fig. 15 the allowable bearing 
pressure for a given settlement is just equal to the 
. Maximum safe bearing pressure for stability against 
shear failure. For a shallow square footing qu is approxi- 
mately equal to 6c, and if the factor of safety for shear 
- failure is taken as 3, the maximum safe bearing pressure 
is 2c. The greatest breadth B for which shear failure 
governs is obtained by substituting g = 2c in the 
equation for e/B. 

e 

Thus for the point A, — = 1.6 myc 
es B 

and B = 
1.6 myc 

If the average effective load for consolidation is taken 
as some fraction k of the maximum load, the above 
equation can be modified to 
s e 

BS 
1.6 k mvc 


As has been already mentioned, the settlem 
characteristics of cohesionless soils.are ditncult to de 
mine. For a given bearing pressure the increase 
settlement with increase of breadth is much less me 

than with cohesive soil. The allowable bearing press 
is often taken as constant for any width greater than, 
3 feet. Thus no advantage is taken of. the additio 
bearing capacity gained by increasing the wid hig 
the resulting settlement is unlikely to be excessive. 

Fig. 16 shows diagrammatically, for cohesionless soj 
the variation of allowable bearing pressure with breadt 
of footing. The horizontal dotted line indicate 
common practice ot limiting the bearing pressure to t 
value appropriate to a specitied breadth ot footing. — 

The new aratt Code ot Practice No. 4, “‘ Foundations, 
gives a table of ultimate bearing capacities for variot 
types of rocks and soils. It is recommended 
factor of safety of two should be applied to the tabuk 
values. The safe bearing capacity thus obtained appli 
to surface loading, and rules are suggested to allows 
the efiects of depth and breadth of footing. 

It seems strange that in spite of the progress cig so 
mechanics the ola method of specifying bearing capacitie 
for different types of soil should persist m this Code 
For the identiication of the various types of cohesiv 
soil, limits of shear strength are given. If the sheat 
strength has to be determined in order to classify t 

soil, why not use if directly to find the ultimate bearimy 
capacity? The clauses relating to the factor of safety 
are somewhat vague, and it is now generally acto 
in this country that a minimum factor of three @ 
regards shear failure should be specified. 

In the opinion of the author, this section. of the Codi 
should be regarded in the same way-as the “ deemed t 
satisfy” clauses in building regulations, that is, as % 
rough guide for unimportant jobs for which thorougt 
site investigations and soil testing are not justified. — 


METHODS OF REDUCING SETTLEMENT 


Various expedients can be used to keep the settlemen it 
within reasonable limits. One is the provision of deep 
basements. The weight of soil removed by excavation 


Allowable Bearing Pressure , 


Breadth of Footing B 


. Fig. 16.—Allowable bearing pressure—cohesionless soil 


reduces the net load which will be applied to the founda- 
tion when the structure is completed. A structure of 
which some parts are heavier than others—for example 
a building with a tower—should have its basements 
proportioned accordingly. A problem which sometimes 
arises, calling for special consideration, is that of a 
structure which is to be completed in stages, for example, 
where upper storeys or a tower are to be added at some 
future date. 4 
- Differential settlement may be reduced by designing | 
so that heavier loads are applied round roe, peripher Fa 


ie balding: en in ihe centre Rigidity of con- - 


ction ey erlect the same result, as mentioned later, 


T  Fouxpations 


Vhen the allowable bearing pressure of the soil is 

-and the size ot individual spread tootings becomes 
fe compared with the spacing between them, it 
omes More economical to design a continuous raft 
ndation covering the whole area. This. leads to 
tain turther problems. The depth of soil appreciably 
scted by the pressure, and theretore contriputing to 
: toial settlement, is very much increased, although 

applied contact pressure is reduced by being spread 
a greater area. he rigidity ot the raft, as well as 
t of the structure as a whole, has an important ettect 
mm both distribution of pressure and settlement. 
om the point ot view of minimising ditierential settle- 
nt a very rigid raft foundation, or a very stitt building 
me, would appear desirable. Such rigidity is, how- 
rT, unattainavie without using sections of uneconomic 
yportions. In addition, on cohesive soil the stress 
centrations around the edges of the raft would almost 
‘tainly give trouble. A limited amount of ditterential 
tlement must therefore be accepted. At the other 
treme we have the usual assumption of uniform 
ward pressure, and the raft becomes in eftect an 
verted tioor. Even if the raft is tlexible enough to 
se up the shape of the settlement protile for unitorm 
iding, the fiexibility of the individual beams and 
ibs of ‘which the rait is composed will bring about 


val variations in contact pressure. The bending. 


yments and shears in these members will thus ditter 
ym the values predicted on the assumption of uniform 
uding. Another uncertain factor is, of course, local 
ration in the soil properties. 


The designer is faced with the question of what 
essure distribution he should use in calculating his 
nding moments. The Code of Practice is not very 
Ipful on this point. It states (p. 66), ‘‘ The distribu- 
m of pressure by a raft over a large ground-bearing 


eds careful consideration. In some cases ground. 


essure will tend to be greater toward the centre of the 
ib and in others less. The distribution of bending 
sments and shears in the raft are therefore not capable 

precise determination. Reinforcement should be 
ovided to resist all the tensions likely to be induced.” 
1e last two sentences appear a little inconsistent. 


Various cases of beams and slabs resting on elastic 
sdia have been investigated mathematically, and the 
sults are to be found in treatises on Theory of Elas- 
ity. These are of little use for foundation problems 
cause of the non-elastic properties of soil and the 
certainty of all the data. Attempts have been made, 
wever, to use the pressure/settlement relation of the 
il to calculate the bending moments on the foundation 
ucture. One of these is the “‘ soil-line’’ method ‘of 
ofessor A. L. L. Baker®4. In this the supporting 
‘ce at any point is assumed to be made up of three 
mponents: that due to uniform bearing pressure 
at due to the deflection of the foundation beam or 
ib, and that due to the compression of the soil. One 
both of the last two may of course be negative ; 
egrated over the whole area they cancel out. 


For the purpose of airfield pavement design the 
essure/settlement relation is usually expressed in the 
‘m of a modulus of subgrade reaction™, which is defined 
the resistance per unit displacement offered to a 
ided bearing plate of specified size, measured over a 


nge of O to 0.05 in. vertical displacement. This range 


quite BEY. and bears no definite relation to the 


a 


range of ipidine required to produce a shear failure. 


The modulus 1s thereiore of the nature of an empirical 
coefficient rather than.a true elastic modulus, 
‘A special case of ratt foundation is that of an oil tank. 


Here the downward load must be uniform, however 


irregular the distribution of the supporting pressure 
may be. ‘The structure is frequently called upon, unlike 
most structures, to carry its maximum design load. 
Also, the development ot slight cracks, which in other 
types of building would be ot little consequence, cannot 


be tolerated. ‘to add to the dithculties inherent in - 


oil tank design, these structures usually have to be 
constructed on sites adjoining river estuaries where the 
soil conditions are particularly unfavourable. Terzaghi, 
in the James Forrest Lecture, 1935?°, cites an instance of 
an oil tank roo feet in diameter which he designed, 
founded upon a bed of soft clay. The tank, constructed 
of welded steel.plate, rested on a lightly reinforced 
concrete slab 4 inches thick, which detiected to the 
natural bowl-shaped settlement induced by the uniform 
load. A similar tank, by another designer, had a heavily 
reinforced slab stittened by deep ribs. This raft was too 
stiff to adapt itself to the ditterential settlement, and 
fractured along two diameters. 

A form: of construction which has been used success- 
fully for the base of a tank is that of a flat inverted dome 
with heavy peripheral reinforcement. This has proved 
an economical method of combining strength and 
stability. 


ECCENTRIC LOADING 


The design of eccentrically loaded foundations involves 
uncertainties such as the distribution of contact pressure 
on the soil and the criterion of failure. The usual 
method of procedure is to assume linear variation of 
pressure and to design the footing so that the maximum 
allowable bearing pressure is not exceeded. The 
probable pressure distributions on clay and sandy soils 
are of the types shown in Fig. 1 (c) and 1 (d) respectively, 
but data tor exact computation is not available. It 
would appear from these diagrams that in the con- 
ventional methods of design the bending moments in 


the slab tend to be underestimated if the soil is clay. 


The converse is the case with sandy soils. 

Wherever practicable eccentricity of loading should 
be avoided, but there are many cases where this is 
impossible, as for example the foundations of retaining 
walls and bridge abutments. Hamilton** has pointed 
out that since complete failure of an eccentrically loaded 
foundation involves tilting of the structure the passive 
resistance of the soil bearing against the side of the 
foundation is brought into play. He makes the sugges- 
tion, based on Fordham’s experiments at Swansea, that 
half the maximum passive resistance may reasonably 
be taken into account as contributing to the stability 
of the footing. This assumption has the effect of shifting 
the position of the resultant force on the base, so that 
the eccentricity is reduced. 

The problem of eccentrically loaded icentieas is 
being investigated at the Building Research Station. 
Some analytical work supported by experiments using 
photo-elasticity has been carried out at Newcastle, but 


‘the results have not yet been published. 


MISCELLANEOUS 


Many special problems arise in foundation design in 
which knowledge of the principles of soil mechanics is of 
great value. Space prohibits more than a very brief 


-mention of a few of these. 


The seasonal shrinkage and swelling of clay soils due 
to changes in moisture content are a frequent source of 
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trouble with shallow foundations. The transpiration 
of moisture from the soil by vegetation is an important 
factor in producing these changes, and the drying etiect 
of large trees is well-known. ‘Lhe obvious remeay 1s to 
carry the foundations down to a depth suthcient tor the 
seasonal variation of mositure content to be negligible. 
On certain clay soils in this country this depth may be 
as much as tive feet. Alternatives include the use of 
short bearing piles, a method developed at the Building 
Research Stauon**, and the construction of impervious 
aprons several feet wide round the perimeter of the 
building to limit the changes in the moisture content 
of the soil under the footings of the walls. 


Some interesting data on this subject and on other 
causes of settlement of structures are given by Cooling 
and Ward*® in a paper presented at the Kotterdam 
Conference. 


Influence of Soil Mechanics on the Design of 
Struciures 


The effects of the rigidity of the structure on the 
distribution of the load to the soil has already been 
discussed. Unless the structure is fiexible enough to 
take up the shape of the settlement protile, redistribution 
of reactions and moments is inevitable. 


Meyerhot*’ has applied mathematical analysis to the 
determination ot the ettects ot dinerential settlement on 
rigid and semi-rigid builaing trames. The general idea 
is as follows. ‘ne primary torces and moments in the 
frame are determined in the usual way, neglecting 
settlement. Settlement moments-and forces are then 
calculated in terms of ditterential settlement. By 
relating the deformation characteristics of the frame to 
the settlement;pressure curve for the soil the numerical 
values of the settlement moments and forces are com- 
puted. The final stresses are obtained by adding 
algebraically the initial and settlement stresses. Lor 
any particular member, the initial or final value, which- 
ever is the greater, is used in the design. Itis suggested 
that for all buildings except those used for storage the 
ettective load for settlement should be taken as the 
dead load plus half the maximum live load. 


The method of indirect model analysis has also been 
applied to this problem. It may be argued that the 
time and labour required for such mathematical analysis 
or for experiments with models are not justitiable in 
view of the uncertainty of the data. It is true that the 
eftective loading is a matter for conjecture, while the 
properties and uniformity of the'soil can only be approxi- 
mately assessed. Such analysis can, however, indicate 
limits outside which the stresses are unlikely to vary, 
and careful study of a large number of examples, cor- 
related with experimental data, may eventually lead to 
simplitied approximate methods, 


The advocates of the plastic method of design claim 
that in a rigid steel trame considerable ditterential 
settlement can be tolerated without reducing the load 
factor, because of the formation of plastic hinges, An 
example is described by Horne”® of tests on continuous 
beams in which differential settlement of the supports 


. had little effect upon the collapse load. It is questionable, — 


however, whether the possible formation of plastic 
hinges is desirable in buildings, in view of cracks in walls 
and ceilings and other undesirable consequences. Clearly 
this is a point on which further information is required. 


For buildings covering a large area of compressible 
soil the ideal is probably a happy medium between a 
rigid structure which experiences considerable secondary 
stresses and a pin-jointed frame which may prove over- 
- flexible. One method for achieving this is to construct 


meee ay hee ie oe ‘The Structural E in 


the Building’ as a series oe fairly ‘auiall rigid ie lexi 
- connected to one another. | 


foundation. 


results are not interpreted in the light of soil mechanie 


‘It is clear that knowledge of the soil conditions m 
have considerable intiuence, not only on the type o 
foundations necessary, but also on the general desig; 
of the structure itselt. z 

i, 
Future Developments 


’ Soil mechanics has done much to help the structura 
engineer to avoid iailures due to foundation troubles 
and to enable him to design more economically. 
considerable amount ot knowledge has been accumulateg 
about the shear strength, compressibility and bearin 
capacity of soils, and tundamental research on thes 
properties is still in progress at the Building Researel 
Station, at Imperial College, London, and elsewhere. 

Much of the experimental work on bearing capacit} 
and settlement has been carried out in the laborator 
on small-scale models. In interpreting these results, a 
in all model tests, due attention must be paid to th 

“scale etiect.”” A point sometimes overlooked is thai 
in a laboratory test the soil may be more uniform than if 
the relatively large mass of soil beneath a structura 


The loading or plate-bearing test, the oldest of all soil 
mechanics tests, comes in for a great deal of criticism 
It must be borne in mind that this, too, is a form o 
model test, though on a larger scale than laboratory 
tests and applied to the soil in its natural state. If the 
test is not carried out with considerable care, or if the 


principles, the results can be very misleading. Never 
theless, this form of test has an important place im 
foundation engineering. It is essential that a carefully 
standardised procedure should be followed,  sineé 
irregularities in loading and unloading or insufficient 
time tor plastic deformation to develop, may invalidate 
the results. A recommended procedure is given in the 
Code of Practice®, “ Site Investigations,” Appendix J, 
and some of the specialists:in site investigation have 
their own standard methods of performing the test. 

As has been emphasised on many occasions by the 
leading authorities on soil mechanics, the greatest need 
of to-day is the correlation of theory and laboratory 
test results with observations on actual structures, both 
during and after erection. Settlement records are not 
dithcult to obtain, and a considerable amount of data 
has already been accumulated. On the other hand, 
examples of total collapse are, fortunately, rare, and) 
when they do occur it is naturally rather dithcult te 
analyse the conditions which have caused the failure. 

This brief review of the present position of soil me 
chanics in relation to certain aspects of structural 
engineering reveals a number of gaps in our knowledge, 
The following is a summary of specitic points, on which 
more information would be of great value to structural 
engineers. 

(a) Tables of average soil properties (shear strength, 
compressibility, etc.), to be expected from soils a: 
classified according to the Code of Practice “ Site 
Investigations,” Table I, under specified conditions of 
water content, etc. 

(b) More data regarding the compressibility of sandy 
soils, and suitable field and/or laboratory tests fo: 
determining these properties. 

(c) Data regarding the “‘ time-average ”’ factors to be 
used for estimating effective loads for settlement 
analysis. 

(d) More definite data regarding the contact pressure 
distribution and conditions of failure for eccentri : 
loaded footings. 


bruary, 1953. ieee 


— 


e) Simplified approximate methods of estimating 
sondary torces and moments in rigid and semi-rigid 
umes subject to ditlerential settlement. 

(f) More experimental data of the effects of differential 
ttlement on steel trame structures in relation to the 
astic theory of design. 


(g) Data for the economic design of spread footings 
ia ratt foundations, taking into account the flexibility 
the tooting or raft and the variation ot contact pressure 
th detiection of soil surtace. 


(h) The development, for certain classes of building, 
materials and methods of construction for walls, 
»ors and ceilings which will withstand much greater 
fierential settlement than can be tolerated under 
otmal conditions. 
It is only by close co-operation between practising 
igineers, soil specialists and research workers that these 
roblems can be investigated, and that knowledge of 
il mechanics can be more widely disseminated and 
tilised in the most efficient way. 


In conclusion, the author wishes to express his thanks 
) the various friends with whom he has discussed the 
ibject-matter of this paper and from whom he has 
ined much valuable intormation and helptul criticism, 
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fangars at London Airport—Design of — 
Large Span Prestressed Concrete Beams 


Discussion on Mr. A. J. Harris’ Paper* 


Mr. H. Kaytor (Associate-Member) asked whether 
lere Was any special reason for deciding that the test 
ad should be equal to the design load. He would 
ave thought that 14 times, or at any rate some bigger 
ad than the design load, would have been applied as a 
st. 

Secondly, he invited Mr. Harris to describe the method 
sed for the assembly of the elements forming the 
condary beams, when grouting up between the 
ements. What precautions were taken to prevent the 
ortar seeping into the holes and grouting up the 
ibles ? 


Mr. Harris, replying to the question concerning the 
st load, said that the test load amounted as it was to 
38: ; furthermore, there was a danger that a 50 per 
mt. overload would overstrain a structure of this 
ale somewhere or other. The extra expense would 


*Read before the Institution of Structural Engineers at 
, Upper Belgrave Street, London, S.W.1, on Thursday, 
ctober 23rd, 1952. Mr. E. Granter, B.Sc.(Eng.), M.L.C.E., 
I.Struct.E. (President) in the Chair. Published in THE 
‘RUCTURAL ENGINEER, Vol. XXX, No. 10, pp. 226-239. (Oct., 


152.) 


‘have been considerable, and in fact the clients were 


satisfied with a test of the full working load. 

To keep the jointing mortar otf the cables, the cable 
ducts were bell-mouthed and a short length of tube 
slipped into the bell-mouths ; the cable passed through 
this tube. 


Mr. Donovan H. LEE (Member of Council), said 
Mr. Harris had presented, as usual, an excellent 
paper. But he asked if Mr. Harris would think 
over the answer he had given to Mr. Kaylor’s question, 
because he felt, as the question had inferred, that 
14 times the design load was the sort of test load one 
expected to have imposed on a prestressed beam. 
Structural engineers were asked to design for a certain 
applied load, and in some cases repetitions of 14 times 
that load could occur. Mr. Lee preferred the first 
answer, that an overload test would have cost a lot more 
money, rather than an opinion say, that such a test was 
to be avoided in this case. 


Mr. Harris said he had mentioned the figure of 
6,000 Ib./sq. in. for the concrete. 

So far as the imposition of 14 times the working load 
was concerned, it depended on how much confidence 
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one had in the British Standards Institution and other 
bodies responsible tor drawing up codes of practice. 
Only if one did not believe tne loads they specined, 
would it be wise to over-design. but in a structure of 
this nature, in order to impose the working load there 
would have to be the regulation thickness of snow on 
‘the roof, a gale blowing into just the right parts of the 
structure and, coincident with that, a tull crane load 
moving in the right direction. That was a possible 
combination of circumstances, but not, he felt, a very 
likely one ; a 50 per cent. overload seemed virtually 
impossible. In a very large structure of this sort the 
design live-load was in any case relatively unimportant ; 
a prestressed concrete structure has a very hign fatigue 
limit and it would carry the working load indennitely— 
at least nobody had yet succeeded in impairing a pre- 
stressed beam as the result of repetitions of the design 
load, and many had tried. 


Dr. K. HaJNAL-Kony1 (Member), first congratulated 
Mr. Harris on his paper, which contained much useful 
information. 

Having intended in the first ‘place to deal with the 
question raised by Mr. Kaylor, Dr. Hajnal-Konyi 
pursued further the line taken by Mr. Donovan Lee. He 
pointed to the table of stresses on page 232, according 
to which, after all losses had been accounted for, there 
still remained a minimum compressive stress of 127 |b./ 
sq. in. at the bottom. That was the worst possible 
case, and it could happen only after all losses of pre- 
stress had taken place. He did not know how long atter 
the prestressing the load was applied, but he had to 
“assume that there was still a considerable margin as 
against the maximum loss of prestress. The author 
has assumed a total loss of 15 per cent., 1.e., about 
600 lb./sq. in. It was not an unreasonable assumption 
that, when the test loading was carried out, the stress 
under the full design load at the bottom would have 
been not less than 200 lb./sq. in. The live load produced 
a tensile stress of 768 lb./sq. in. and half of that was 
384 lb./sq. in. ; therefore, taking off 200-lb./sq. in., it 
would produce a tensile stress of less than 200 lb./sq. =e 
which was so low for a concrete of 6,000 lb./sq. 
crushing strength that, if the author’s design ee 
tions were realised, the structure would not have 
cracked under 13 times the design load. Under 14 times 
the design load no tensile stresses should have occurred 
at all. 

Dr. Hajnal-Konyi was of the same opinion as the 
_ previous speakers, that the test did not prove anything. 
What we wanted to tind out from a test was whether 
the structure was carrying the load according to the 
assumptions of the design ; if it did, even a substantial 
overloading could not have caused cracking. 

Studying the figures of deflection, he had come 
‘across a very peculiar feature of the test results. At 
the end of the paper the author had given four figures, 
recorded on four consecutive days. The ditference in 
time between the first and second readings was 19 hours, 
the difference in deflection was .0105 in., which gave a 
rate of increase of .00097 in. per hour. The ditterence 
in time between the second and third recordings was 


24 hours, the difference in deflection was .0295 in., the ~ 


rate of increase being .00123 in. perhour. The difference 
in time between the third and fourth recordings was 
24 hours, the difference in deflection was .0695 in., and 
the rate of increase was .00290 in. per hour, i.e., more 
than three times the initial rate of increase. 

Having carried out many tests, he was rather puzzled 
by these results, because the increase was due mainly 
to creep and the nature of creep was that the rate slowed 
down with time, whereas in this case it speeded up, or 


~ pursue the matter further, leaving the load. on for a 


week or a month or even longer, in order to see what | 
happened. a8 would have hardly increased the cost 
of ine test. 


that the cable on page 232 gave certain stresses ae 
ditierent conditions of loaaing. but did not reveal 
anything about the factor of satety. Whilst the working 
stresses in ordinary reinforced concrete were an indica, 
tion ot the factor of saiety, the stresses given in the 
paper bore no relation whatever to the factor of safety, 
so that we did not know on what assumptions the design 
was made. There was a First Keport on Prestressed 
Concrete issued by the Institution of Structural Engi- 
neers which recommended a tactor of satety of 2 on 
the overall design load (i.e., the dead plus live load). 
Although Dr. Hajnal- Konyi was a member of the 
Committee responsible for that recommendation, he was 
of the opinion that it might have gone too far in this 
respect and that it would have been probably better to 
distinguish between dead load and live load, allowing 
a lower tactor on the dead load, which could not be 
increased, and perhaps a higher factor on the live load. 
In the structure described in the paper the overall factor 
of satety was less than 2. This was not a criticism and 
he was raising no objection since the ditierent load 
factors for dead and live load respectively resulted in an 
overall factor smaller than 2 when the ratio live / dead 
load was high, but he would be interested if Mr. Harris 
would be good enough to reveal what factor of safety 
he had assumed and how he had arrived at it. 


Mr. Harris, dealing with the first question raised by” 
Dr. Hajnal-Konyi, said it seemed to him to be un- 
necessary to ask under what load the beam would have 
cracked. As to the suggestion that the test made on 
the structure proved nothing, he said it had proved 
precisely what it was intended to prove, that the struc- 
ture would carry without signs of distress the load for 
which it was designed. q 

With regard to the deflection figures, they were taken 
over a period of three days, during which the weather 
varied considerably. He also had detected the curious 
increase in the figures ; they meant nothing whatsoever 
without measuring at the same time the moisture in the 
air, and the temperature. The purpose of the test was 
not, to his great regret, to carry out an interesting test 
on the beam ; nobody would have been better pleased” 
than himself to have made such a test, but unfortunately 
the authorities did not share that view. They wanted 
to use the structure. 

He had indeed checked on the factor of safety, and 
the figures are given in the written reply. The structure 
was of a type in which the factor of safety was best 
assured, not by such-and-such a load factor, but by a 
safe stress design. ‘That was the design asked for and 
provided. Nobody assumed that the structure would 
be required to carry 14 times or twice its working load ; 
nobody could get that load on—there was ditticulty in 
applying even the working load. He repeated his view 
that a severe overload carried out for test purposes: 
would be unwise from the user’s point of view. ‘ 


Mr. JoHN FABER (Associate- -Member) added his 
appreciation of the paper. He thought that the paper 
might well be regarded. as a model paper, and indeed 
a masterpiece of concise expression. 4 

The conception of the hangars described was brilliant. 4 
The idea of casting the main beams im sitw around the 
precast diaphragms was perfect, and he considered that 
the arrangement of the peegnday beams, | Ree in 


Gone: and heh vert telained was also perfect. It 


as easy to see something after it had been done and 
y that it was the logical answer : but starting from 
ratch and having to develop such a project in one’s 
ind was quite a different matter. 


With regard to the stresses in the concrete, the paper 
d not describe the concrete mix, but it was stated 
at the working stress was taken at 2,000 lb./sq. in., 

used on a required crushing strength of 6,000 Ib./sq. in. 
was very difficult to relate cube strength to the 
rength of concrete in actual structure, and Mr. Faber 
id he believed there was very little knowledge on that 
atter. The cubes were prepared usually under very 
ose supervision by the foreman, and were cured most 
refully ; but the foreman was not always around when 


1e concrete was placed in every part of every beam, and 


it on the job there were various difficulties in the way 
curing, as for example frost, rain, sunshine, drying 
inds, and so on. So that the concrete cured under far 
orse conditions when in the structure than when in the 
rm ‘of cubes. 


Furthermore, cube strengths were often. misleadingly 
igh, due to the strong shape of cubes. Even cylinders 
iled at about 0.7 times the stress at which cubes failed. 
nd Mr. Faber believed that the strength of the concrete 
| the 4 in. walls of the box girders would be pees 
ss than in a 6 in. cube. 

We also had to bear in mind the variability of concrete. 

collection had been made recently of cube strengths 
om thousands of contracts carried out in this country 
| the "past five years. Confining ourselves to the ordi- 
ary 4 : 2 : 1 mix, although the Code required a strength 
f only 3,000 lb./sq. in. for such concrete, many of the 
sst results were as high as 6,000 lb./sq. in., and some 
ven as high as 9,000 lb./sq. in. But what was very 
uch more worrying was that some results were as low 
3; 2,000 lb./sq. in., and these tests were made on con- 
‘etes used on high-class jobs, supervised by trained 
esident Engineers. Mr. Faber asked if Mr. Harris 
ould enlarge on the question of the stresses in the 
mncrete and how one could be really sure that the 
yncrete in the structure he had described had a strength 
f 6,000 Ib./sq. in. 

On the question of wind allowance, he understood 
‘om the paper that it was considered desirable, even at 
1ese high stresses, to allow a 334 per cent. increase in 
llowable stresses caused by wind. This meant allowing 
stress of 2,700:1b./sq. in., which was 45 per cent. of the 
,000 lb./sq. in. shown by the cube tests but which he 
jought might not be available in the structure itself. 
Dealing further with the wind forces allowed for in 
esigning the structure described in the paper, Mr. Faber 
uid he had read out of the paper that when the wind 
lew horizontally it must of necessity also lift the roof. 
t seemed that that could be inferred from Chapter V, 
ut he was not sure whether it should be inferred. He 
onsidered that the upward force on a roof should be 
uarded against, but he did not think we should rely on 
—winds could be too gusty and temperamental for 
hat. According to his own figures, if we considered a 
orizontal wind blowing on the main girder over the 
oor, and ignored the uplift, a tensile stress of about 
25 lb. /sq. in. might result, and he asked whether 
fr. Harris would consider such a stress allowable. 

Coming back to the 4 in. walls of the box girder, he 
aid it was stated by Mr. Harris that the diaphragms in 
he box girders, being at 15 ft. centres, were considered 
ufficient to ensure that the 4 in. walls were safe against 
uckling. Even with those diaphragms, the 4 in. walls 
rere standing in free panels 14 ft. by 14 ‘t., with quite 
onsiderable stresses in the concrete. 


“ 


Buckling was a 
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difficult pen: it was liable is occur if there were an 
initial curvature in any of the members, or, when using 


a material like concrete, if the concrete across the 
members was not entirely homogeneous. He would be 
grateful, therefore, if Mr. Harris would explain how it 
was decided that 14 ft. by 14 ft. panels were satisfactory. 

Mr. Faber added that Mr. Harris’s excellent paper had 
greatly increased his very warm regard for the author 


: and his work. 


Mr. HarRRIS was most grateful to Mr. Faber for his 
appreciative remarks, 

With regard to the concrete cubes, he said the standard 
methods of making and testing the cubes were followed. 
He had not mentioned the results in the paper because 
it was concerned with design rather than with construc- 
tion. From his limited knowledge—and he did not 
wish to extend himself on the matter—the cubes were 
good ; and certainly the care which the contractors 
exercised in placing the concrete was exemplary. 

It was true that the strength of a cube gave little 


_ indication of this strength of the concrete in the struc- 


ture. It worked both ways ; when little care was taken 
over compaction, the cubes were better, but on the other 
hand when vibration was associated with pressure and 
with steam curing it was extremely difficult to give the 
concrete in the cube the same treatment. He knew of 
one job where the cubes at 28 days gave 8000-9000 p.s.1. 
regularly, but where cylinders cut out of the finished 
elements at 90 days gave 11,000 p.s.i. Where small pre- 
cast elements are employed, it is occasionally possible 
to test a complete element, but this is not often prac- 
ticable and we must wait, it would seem, for some non- 
destructive method of testing, such as the ultra-sonic 
sounding method designed by the Road Research 
Station, to be developed and accepted. 

With regard to the hozizontal wind stress, he said the 
Code of Practice permitted the increase of stresses 
employed, and he would not attempt either to criticise 
or to justify the work of the eminent gentlemen who 
had drawn up the Code. On the question of the uplift 
and the various stresses arising under the extreme 
conditions of which Mr. Faber had spoken, Mr. Harris 
said that the full range of possible alternative directions 
of wind load according to whether doors were open or 
shut, etc., had been considered and he had to admit 
that he had not been able to detect the tensile stresses 
of which Mr. Faber spoke. 

Some calculations were made concerning the buckling 
of the webs, but he would hesitate to estimate their 
value ; it was indeed an estremely complicated subject. 
It had arisen in terms of prestressed concrete beams in 
the case of the hangars at Melsbroeck, and in the pro- 
ceedings of the prestressed concrete congress at Ghent 
there was a theoretical treatment of the buckling in 
the webs of these beams. The situation there was 
somewhat different because the prestressing wires in 
that particular case were inside the hollow beam and 
were in no way in contact with the concrete, except at 
the diaphragms. In the case described in the paper the 
concrete was stabilised by the cables embedded in them. 

Mr. Harris: summarised by saying that, if he were 
asked why it was thought that 4 in. was good enough, he 
would give the engineer’s standard answer to the effect 
that the thing looked right and it could not be proved 
that it was wrong. 


Mr. O. J. MASTERMAN (Associate-Member), commented 


- that Mr. Harris, in his usual light and agreeable manner, 


had tossed off the work described in the paper almost 
as a trifling achievement. But having seen the job, and 
alot of other prestressed jobs in this country and abroad, 
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Mr. Masterman said that in his view it was a very great : 


achievement ; it was a very impressive example of pre- 
stressed work. 

It had been said very rightly by Mr. Harris that the 
effect of the secondary beams had been spoiled by the 
lighting put underneath them. Nevertheless, Mr. 
Masterman recommended that all who were interested 
in such work should see the structure, because the 110 ft. 


beams with a 4 in. web and a 4 in. flange were really 


something worth looking at; the design was as 
courageous perhaps as any other prestressed design 
which had yet been erected. 

Drawing attention particularly to the slim sections in 
the main beams over the hangar doorways and in the 
secondary beams in the roof, he said they illustrated 
again the second notable characteristic of prestressed 
concrete, the first being flexibility. We were already 
getting to the stage at which the sections were com- 
parable with steel sections ; it would be seen that in 
the job described, if we adi:1 up th2 thicknesses in 
relation to the depths, they compared with steel beams. 
It was the same in the case of the Karachi hangar 
building, where he believed a 22 ft. depth of beam had 
ag in. web. 

Drawing attention again to the point raised by Mr. 
Faber as to where we could stop in designing thin sec- 
tions, he recalled a remark by Mr. Harris that the 
4 in. web was about thin enough, and that he had made 
some buckling calculations. Incidentally, in the main 
building there were not any cables in the depth of the 
web at the centre to prevent buckling, and he asked for 
some guidance as to how we should know just how far 
we could go in making sections thinner and thinner. 

Another question was why the author used a modular 
ratio of 8. The author might have guessed that the 
concrete would show at about 5-6 million, and it did in 
fact come out at about 5 million in the deflection tests 
at the end,.and one would have thought that a modular 
ratio of about 5 would have been more correct. 

Finally Mr. Masterman said that, as would be expected 
from Mr. Harris, the paper was wonderfully clear and 
was vey nicely presented in print. 


Mr. Harris, dealing with the question as to how far 
we could go in slimming sections, said that in the case 
of a web with a cable passing through it, he considered 
that the limit was 4 in. There was a certain size of 
cable and it was necessary to have concrete on either 
side, not just a thin layer of cement, and even a little 
mild steel, and he did not think that less than 4 in. was 
practicable for 7m situ work, though for precast work in 
special circumstances we might get down to a thickness 
of 34 or even 3 in. 

On the question of the modular ratio, the modulus 
of the concrete under a long-term load would almost 
certainly fall to about 4 x 10® or even less, and he 
thought the ratio used was about right. 

Returning to the webs at mid-span, it should be 
remembered that the cables have absolutely no effect 
in stopping buckling under external forces ; the value 
of making them solid with the concrete is that the cable 
force itself cannot then cause buckling. 


Lieut.-Colonel R. F. Gatsrattu, R.E., M.C. 
(Vice-President), added his meed of praise of a 
most interesting and excellent paper, and supported 
Mr. Harris with regard to his safe design stress 
theory, for he believed that the safe design stress was 
the critical thing in which we were interested. If we 
wanted 14 times the working load on the beam, we 
should design it for 13 times. He did not think that for 
practical buildings, which were going to be used, we} 


_ conditions were of importance in aE ereaten work, but not 


this seems to be obtained in Mr. Harris’ design. Hows 
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were really interested in. alGaate coniGbane : ; those 


for practical design. 


Dr. P. W. ABELES (Member) also very much appre 
ciated the paper. He agreed with Mr. Masterman that 
the secondary beams were some of the finest example 
of prestressed concrete construction ; he had had an 
opportunity of seeing them from underneath, before the 
bottom was thickened, and. they looked very elegant 
with their narrow web. 

Referring to a statement by Mr. Harris that the 
“ T ”’? beam was not economical, Dr. Abeles said that he 
did not agree. He considered the ‘“‘ T ’’ beam to be one 
of the most economical forms, which could however be 
used only if the construction depth was not limited. 
In a ‘“‘T” beam, firstly, the centroid was very high an¢ 
we were able with a relatively small prestressing ‘force 
to produce a large pre-compression at the bottom fibre, 
Secondly, because the depth of the “T”’ beam wa 
much greater than that of an “I” beam, a smallei 
reinforcement was required for ultimate load, always 
provided that the cables are placed near the bottom 
fibre. When the original loading for the secondary beams 
was reduced, it would have been possible-in Mr. Harris 
case to keep the “I ”’ shape and reduce the depth, but 
this would have most likely been a less economica, 
solution, otherwise it would have been employed. 

After having given full consideration to the safe desigz 
conditions, he agreed that with a roof like this a smalle 
factor of safety might he permissible than the factor two 
required in the “ First Report” ; but a certain minimur 
factor of safety of, say, 1.5 was certainly required and 


ever, Dr. Abeles was, on principle, unable to agree with 
Mr. Harris that contrary to the requirements of the 
“First Report’’ ultimate load conditions could be dis 
regarded and that a safe working load stress design was 
sufficient for the design. We might have, for example, 
three different sections, each designed for the samé 
permissible working load concrete stress but for different 
loading conditions. One of these might have a factor 
of safety against failure of 4, the second of 2 and the 
third of 1.2. There was no relationship whatsoever 
between the concrete working load stress calculated for a 
straight line stress distribution and the stress under 
failure conditions, as with other materials with which a 
permissible working load stress already ensured a 
minimum factor of safety against failure. Consequently, 
with a material as prestressed concrete there must bé 
separate designs for working load and for failure con- 
ditions. 
Dr. Abeles agreed with Mr. Harris that with difference 
of temperature and sunshine the magnitude of deflection 
was affected and that in this special case a much higher 
load was not so essential, but he agreed also with the 
other speakers that ‘‘ on principle” generally a higher 
test load ought to be applied than the working load to see 
whether the efficiency of prestress is ensured. There was 
alwavs a possibility that the prestress force was less than 
specified owing to friction losses exceeding the assump-= 
tions or other reasons. The tests wou'd prove that the 
execution agreed with the assumptions if the loading 
,corresponded to a concrete tensile stress of, say, 75 to 
80 per cent. of the modulus of rupture, when cracking 
ought to be avoided. 
Finallv, Dr. Abeles mentioned that the notation used 
bv Mr. Harris was not quite in agreement with that of the 
“First Renort’’ prepared by the Institution’s Committee 
of which Mr. Harris was a member. In the Report the 
lower fibre was called 1 and the upper fibre 2 ; Mr. Harris 
had reversed them. The distance of the outer fibres 
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mm the centroid were called “ » while Mr. Harris used 
ne as ” and with eae to the section modulus, 
tte <7 8 were used instead of the capital ‘ Z.” 
Sone ney instead of v,, v, 2,, and Ry the respective 
mbols é, ¢,, Z. and Z, apply. 


Mr. Harris said one reason why he had stated that 
[’’ beams were not found to be economical was that 
ich had been given by Dr. Abeles, that they were 
ways very deep. That was not always a serious 
jection, because nine times out of ten in a civil en- 
leering structure, particularly one of the type de- 


‘ibed in the paper, the only thing we could get free - 


is headroom. There was the further point that the 
[’’ beam under load gave a very high stress variation 
the bottom fibre, and that limited the design rather 
sely. 
The problem of the factor of safety was rather too 
ge for discussion at length at such a meeting. How- 
er, it did depend on the nature and scale of the struc- 
re. If it were a beam spanning 15 ft. and carrying 
ane traffic, there was a very great possibility that an 
tremely heavy overload would occur. In such a case 
e would provide a high factor of safety, or would 
ovide means to relieve overload to a neighbouring 
am. But in the case of a large structure, where live 
ids were small, the question was very different ; 
, Abeles had said that one could design a structure by 
e safe stress method which would fail at 1.1, and 
Jeed, it could be done, though with difficulty. Equally 
suggested that one could design a structure with a 
stor of safety of 3, and it would not last for nine 
mnths, because of corrosion of the steel in cracked 
ncrete. There was obviously a place for design by 
id factor. There was also a very wide range of 
uctures where one was not interested in it; for 
stance, who knew how much weight would be neces- 
ry to bring down the Forth Bridge? And having 
rked it out, could we get that amount of weight on 
it ? 


Mr. T. BepDrorD (Member), diverting from the 
shnicalities of the. paper, asked if the author 
uld say anything about the cost of the structure 
scribed, for he always felt that, however interesting 
structure might be as an engineering achieve- 
nt, it was important to know how much it would 
st. Only very vague reference had been made to 
e fact that schemes for structures in steelwork were 
tained, and we were led to assume or to believe that 
e structure described in the paper was the right solution 
d the most economical one. As Mr. Harris had said, 
hangar was a building the main requirement of which 
is to cover a very large area, to keep out the weather. 
+t, looking at the concrete building, there were tre- 
sndous masses of concrete held high in the air, largely 
- that purpose. As a rough guess, it would appear 
at the weight of the complete concrete structure would 
somewhere about 75-100 lb./sq. ft. of covered floor 
ace, whereas in a steel structure one would imagine the 
uipment weight to be not more than 20 'Ib./sq. ft. It 
uuld appear that the front girder, of 150 ft. Pat 
ighed at least 150 tons. 

There was that great mass of concrete, very in- 
niously designed—and he did not wish in any way to 
tract from the very pleasing and very nice application 
prestressed concrete to hangar construction—but he 
ll felt sceptical about the suggestion that the structure 
is More economical than it would be in a much lighter 
‘m of construction. 


Mr. Harris replied that he could not give information 
the cost of this structure, because he did not know 
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it, but he was assured that the economic advantage in 


capital cost was real and in its favour, quite apart from 
the saving in maintenance costs and quite apart from the 
fact that steel, a material required so urgently for uses 
where it cannot be replaced, was economised in very 
large quantities. 

The weight of the total load-bearing structure was, as 


mentioned in the paper, the equivalent of about 3.75 


inches average thickness of concrete, i.e., about 48 Ib. 
per sq. ft. or approximately 2.5 times the figure Mr. 
Bedford quotes for steel. Now, bearing in mind the 
basic costs of steel and of concrete, a rough calculation 
will show that the proposition that prestressing was 
cheaper is far-from being ridiculous. 


Mr. T. O. LAZARIDES, who said that he found it difficult 
to express his praise of the paper in terms which had 
not already been used, recalled Dr. Abeles’ disagreement 
with a statement. by Mr. Harris that the “T’’ beam 
was not always the most economical form. Having 
had occasion to carry out a very complete investigation 
of the economics of the thing, his conclusion was that 
the most economical shape of beam depended essentially 
on the ratio between live and dead load, and therefore 
it depended essentially on the span also. Even where 
headroom was free, as it was sometimes, the ‘‘ T’’ beam 
was still not necessarily the most economical shape ; and 
where headroom was limited, the “‘T’’ beam was very 
seldom the most economical. 


Mr. L. Scotr, WuiTz, O.B.E. (Past-President), said 
he was most appreciative of the organisation of the site 
work which had enabled a job of such magnitude and 
complexity to have been executed in so short a time. 
In view of the large number of precast members used in 
the work, he would like to know what was the rate of 
damage to precast units, both normal and pre-tensioned. 
He would also like to know what troubles were experi- 
enced in post-tensioning, whether caused by over- 
stressing, defective wires, defective anchorages, etc. 
In a comparatively new but rapidly progressing system 
of construction of this type he considered information on 
these points would be most valuable. 


Mr. P. B. STEER (Associate-Member), commenting that 
engineers had to meet the requirements of London County 
Council Surveyors, District Surveyors, and so on, referred 
to the jointing of the units of the secondary members. 
He asked if Mr. Harris would be satisfied to carry on 
that operation on any ordinary job without any super- 
vision or test of the quality of the mortar. He believed 


_ Professor Magnel had made tests of the mortar in joints, 


but it seemed that there were no tests in the course of 
the work described in the paper. Would it be possible 
to do that on any ordinary job, where perhaps the 
supervision was not so good as in that particular case ? 


Mr. Harris said the technique described for jointing 
the precast elements had in fact been used quite widely 
in this country and elsewhere... The joint was oe 
invariably of the type used in that particular job ; 
some cases there was a cast joint, in other cases a ee 
injected joint, and in other cases no jointing material 
at all was used. Care was needed, but in the ordinary 
job the biggest stresses occurred at the time of pre- 
stress, which punishes carelessness and gives a certain 
degree of comfort to the man who has to use the structure 
eventually. 

It would be idle to pretend that, on the many jobs 
with which he had been in contact, there had been no 
trouble with joints, but it was found that, with reason- 
able care and attention the method gave full success. 
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Mr. Tretz (Student) asked whether calculations were 
made for ultimate failure, what assumptions were made 
for bond, and also, on the secondary beams, what 
assumptions were made for the efficiency of the joints. 
What factor of safety was arrived at on the basis of these 
calculations ? 


Mr. Harris said the assumption made for bond in 
calculating the primary beams was, that there was 
complete bond between steel and concrete. That was 
an assumption which was borne out in practice by quite 
a number of tests ; various designs of piles might be 
mentioned—after they had been driven, the tops of the 
piles had been cut off and it had been found that the 
wires did not slip, some piles had been driven which 
relied solely on the bond provided by the injected grout. 
A large number of beams had also been broken, showing 
no slip of the wire. Necessarily, however, the number of 
beams of the size of those used in the hangar at Heath 
Row that had been broken was small, and any rupture 
load calculation must:be hypothetical. The results of 
such calculation are found in the written reply. 


Dr. E. H. BATEMAN (Member of Council), asked 
whether anybody had ever calculated the ultimate 
strength of a structure of that type. 


Mr. Harris commented that that was a very relevant 
question. He took leave to doubt it. He further took 
leave to doubt whether a full design load test was often 
applied to such structures. 


Mr. R. G. GRAHAME said it seemed to him that design- 
ing on a safe stress in the case of prestressed concrete, 
particularly in the case of a tee-beam, was not an 
entirely satisfactory method where there was liable to be 
overloading, because it appeared that the main danger 
was not the overstressing of the concrete in compression, 
but in tension, where a comparatively small increase 
of load could overcome the small compressive stress on 
the tension side of the beam. 

He also asked what period of time had elapsed after 
the main beams were prestressed and before the loading 
test was carried out, because it seemed to him that the 
initial creep in the concrete might have something to do 
with the deflection, and the ee deflection. 


Mr. Harris replied that the essence of prestressed 
concrete design is to apply a compressive stress sufficient 
to lower the tensile stresses under load to a safe figure. 
The bigger the tensile stresses, the bigger the initial 
compression and this is the factor which renders T-beams 
uneconomic except when dead load, which decompresses 
the lower flange, is large. Designing on a safe stress 
basis the factor of safety against cracking is independent 
of the shape of the beam but depends solely on the 
design stresses assumed and the tensile strength of the 
concrete. 

To the best of his recollection, the heams were tested 
about a month after being stressed. The reason for the 
variation of deflection was to be sought in a combination 
of plastic strains under load and the variation of atmos- 
_ pheric and temperature conditions, 


Mr. D. H. New (Associate-Member), who was invited 
by the President to speak, said how much he had enjoyed 
hearing his friend, Mr. Harris, being shot at from all 
directions, and noting how well he had staved off the 
attacks. 

Speaking of test loading, Mr, New suggested that an 
increased test load might possibly have opened up the 
joints, at the vertical planes between. the concrete and 


. the eared dese “aie did t nat think that ic 


- combination of circumstances unlikely to recur wa 


be desirable, and since no request was. received fi 
increased loading, presumably the client did not. 
so either. | 


In the type of work described i in the paper - was v: 
necessary to have high-class workmanship. As M 
Harris had said, a failure on one of the secondary beams 
had occurred soon after the first test loading on the 
beams had been successfully applied. After carefu 
consideration, and the application of the-most modern 
methods of investigation, it was not possible to give 
proved reason for the failure. The work proceede 
without modification in design, it being assumed that | 


responsible for the incident. 


It had been most interesting to hear the variot 
theories on safe load design, ultimate strength, and : 
forth, and after that discussion one would be intereste 
to see whether or not the structure stayed up! H 
opinion, and presumably that of Mr. Harris, was 
it would. 


Some secondary beam units were rejected, and som 
repaired on site, and although he could not give figures 
he could say that the numbers were relatively smal 
There were also some of the usual troubles associate 
with the use of prestressing cables, but considering th 
magnitude of the work, these were also small. 3 


The President expressed gratitude to Mr. Harris ¢ C 
behalf of the Institution, and the meeting then closed. 


Written Discussion 


Professor R. G. ROBERTSON (Member) writes : Inspira 
tion for the design of the beams for this hangar coul 
be found in the aircraft which it housed, and the write 
would have liked more details of the calculations ; th 
tabulated beam stresses appeared to be based on th 
final cable pull after relaxation, for which 15 per cent 
was allowed but the stresses in the concrete due to th 
increased initial cable pull were not given, and 
stresses in the secondary beams were already highe 
than specified. 

If 15 per cent. were added to the cable pull for subse 
quent loss it might be anticipated that an appreciabl 
portion of this added pull would remain even afte 
erection, and the tabulated stresses under the heat 
““PS ” would be increased by a similar percentage. ~ 

When allowance was made for a 15 per cent. increas 
in cable pull the lower fibre stress in the secondary beam 
would seem to be 2850 lb./sq. in. instead of the 2000 Ib 
sq. in. specified ; the failure of one section soon afté 
tensioning might appear to be due to this high stress 
addition.to any fault in the jointing as suggested. I 
was stated that an I section had been designed originally, 
and it was not clear why a smaller beam with a bottom 
flange had not still been used when the original load wa 
reduced. The writer found that a beam of identicé 
area but 5 ft. deep instead of 6 ft. and with top flang 
2} ft. wide instead of 3 ft., so that the remaining materi 
could be placed in a lower flange 22 in. wide would hav 
even lower stresses than the 2000 lb./sq. in. speci 
under the full range of live load, instead of a stress | 
2657 lb./sq. in. given for the T-beam used. 

With the I beam the initial stress would be the same 
as given in the paper, 2245 lb./sq. in., using the fu 
initial cable tension, whereas it appeared that the effec 
of the increased initial cable tension had not bee 
allowed for in the paper and the initial stress was ther 
fore much higher. The cable pull for the I beam was 
identical with that for the T beam used and the wri ce 
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ich was based on three simple equations which he 
d devised for the purpose of elucidating the best 
ape of beam for any circumstances. eae 


Written Reply by the Author 
Reply to Mr. Hajnal-Konyt and others 


JPTURE MOMENT 


In determining the resistance moment at rupture two 
ings must be known, the force and the moment arm. 
1e force may be assumed as being the aggregate resist- 
ce at rupture of the wires ; higher values have been 
und but cannot be depended upon. This force in the 
nsile flange will act as the centroid of the wires, since 
| the wires will have been strained into the plastic 
ne. The line of action of the compressive force is less 
sy to determine, but it seems plausible with\beams of 
ctions such as these to assume that it acts at the 
ntroid of the upper flange. In the case of the main 
‘am this gives a stress in the flange at rupture of 
00 Ib. per sq. inch. This is high, but is acceptable 
ace (i) concrete of 6000 lb. per sq. in. at 28 days may 
ell attain this figure after, say, a year (il) the 7m situ 
irapets on top of the main beam will certainly relieve 
e upper flange of stress at rupture—indeed it is not 
ypossible that they should form an integral part of the 
am and greatly increase the moment arm. The gutter 
tbs may well act similarly in the secondary beams, 
ough here the flange stress at rupture is smaller and 
yes not exceed 5100 lb. per sq. inch. : 


Such considerations give the following figures :— 


)} Main. beam 


upture tensile force 

oment arm 

nence Rupture moment 

ytal vertical design moment 


3740 kips. 
161.25 in. 


6.03 X 10° kips in. 
2.92 x 10° kips in. 


Wal 


2.06 


I 


Factor 


Subtracting the permanent loads not susceptible to 
riation, we get the following factor on live loads :— 


603—218 385 


= = —— = 5.2 
292—218 74. 
) Secondary beam 
upture tensile force = 730 kips. 
oment arm = 56 in. 


vence Rupture moment = 4.10X10* kips in. 
tal vertical design moment = 1.93 x 10* kips in. 


oe 4. 
~ Factor =—— = 2.12 


1.93 


vain subtracting the permanent loads, we get the live 
id factor :— 


.I—l. ; 
ie = 5.08 
03532 

It cannot be denied that there is an air of unreality 
out these calculations ; in beams of the size of the 
ain beam, it is difficult to see a load approaching this 
Iculated rupture load without causing severe secondary 
ects of one sort and another ; some of these will be 
vourable, like the interaction of the beam with the 
perstructure above it, others will be unfavourable 
e the exaggeration of shear stresses due to torsion 


d the interaction of these effects is quite unpredictable, 


os 


uld like the author’s comments on’ this calculation 
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even under the simplest form of loading. Nevertheless, 


the calculation of the rupture load in bending was asked 


_ for ; for what it is worth, here it is. 


Reply to Mr. Scott White 


Enquiry has elicited the following replies to the two 
questions asked by Mr. Scott White. 


_. (i) About one in twenty of the precast elements in the 


secondary beams were rejected due to various causes 
such as damage in handling, etc. 


(u) Approximately 70 incidents in stressing have been 
reported to date ; by “incident’’ is understood an 
occurrence necessitating restressing at a cone. Some 
five of these were due to broken wires, one wire being 
broken in a cable in each case. The remaining incidents 
were shared between the steel wedges flying off the jack 
during stressing and one or two wires pulling into the 
beam immediately after anchoring. This last type of 
incident occurred during a limited period of the works 
and appeared to be associated with the first batch of 
male cones cast in a newly set-up cone-making plant in 
which aluminium moulds’ were used for the first time ; 
after a few re-uses of these moulds the trouble seemed 
to disappear. In the event the defective male cones 
were removed and replaced by new ones. Several 
thousand stressing operations have been completed 
uneventfully on these works. 


Reply to Prof. Robertson 

The section proposed by Prof. Robertson for the 
secondary beam while being slightly heavier than that 
used. certainly does all that he says it would ; the same 
cable force would suffice for this beam, using all eight 
cables at the maximum eccentricity at the centre of the 
span, Le., giving each about I in. cover—an arrangement 
which has its difficulties but which is certainly possible 
using a similar horizontal movement of the cables in the 
bottom flange as is used in the main beam. Indeed, this 
section uses the concrete more effectively, with a better 
balanced stress distribution, than does that used in the 
structure ; it was in fact hinted in the course of the 
paper that a T-section had its disadvantages from this 
point of view. 

Nevertheless, Professor Robertson’s section would 
have had in the circumstances two rather serious draw- 
backs. In the first place, 30 in. breadth for the top 
flange is narrow for a r10 ft. span and the author would 
have hesitated before launching such a beam under its 
own weight without lateral support. In the second 
place, there would have been less latitude in arranging 
the cables to dodge the many holes needed for services. 

It was these considerations, combined with a possibly 
illusory idea of simplifying formwork, that led to the 
employment of a T-section. : 
' No figures were given in the paper for the initial 
stresses immediately after tensioning, for the reason 
that these stresses are extremely difficult, 1f not im- 


‘possible, to estimate at all exactly. The prestressing 


of one beam takes time, during that time a large pro- 
portion of the creep of the steel and an appreciable 
proportion of the creep of the concrete has already taken 
place ; the larger part of the remainder takes place 
quite rapidly. In practical design a figure rather less 
than 15 per cent. is employed to check the stresses at 
the time of prestressing to ensure that they are not 
excessive. - 

The use of a high stress at this stage is permitted 
since it acts as an automatic test of the concrete ; this 
test in itself is a large factor of safety. 
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Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, December 18th, 
1952, at 5 p.m.; Mr. E. Granter, B.Sc.(Eng.), M.LC.E., 
M.1.Struct.E. (President), in the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections as tabulated below should be referred 
to when consulting the Year Book for evidence of 
membership ? 


STUDENTS 


CLARK, John Alan, of London. 
CouLL, Alexander, of Peterhead. 
Heaton, Peter John, of Manchester. 
Horsman, Peter, of Ripon, Yorks. 
Irwin, Keith Thompson, of London. 
Lreacu, Peter Edgar, of Manchester. 
_ LEE, Jack, of Manchester. 
Mires, Alan David, of London. 
MiszEwskI, Jan Stefan, of London. 
NEWBY, Ronald William, of London. 
PRYKE, John Fordham Speaight, B.A.Hons., Cantab., 
of Wormley, Herts. 
Rimmer, William, of Burtonwood, Lancs. : 
RuMNEY, Derek Peter, of Stretford, Lanes. 
RusuHToN, Basil James, of London. 
SAXENA, Kailash Chandra, B.Sc. Agra, of Indore, India. 
WuitE, Bryan John, of London. 
Yeo Lim Hut, of Singapore. 


GRADUATES 


ATHUKORALA, Don Gunasena, B.Sc.(Eng.) London, of 
London. 

BENNETT-GOODMAN, John, of London. 

BriLL, Herbert, B.Sc.(Eng.) Hons. London, of London. 

CHITALE, Vaman Mahadeo, B.E.(Civil) Hons. Bombay, 
of Bombay, India. 

D’Lemos, Noel Brian, B.Sc.(Eng.) Aligarh, of Heston, 
Middlesex. f 

Feit, Michael John, of London. 

GALBRAITH, Roy, B.Sc.(Eng.) London, of London. 

HAL, William Edwin, M.A. (Cantab.), of Blackpool, 
Lancs. 

Hamer, Clifford, of London. 

Isaacs, Basil, B.Sc.(Eng.) Rand, of London. 

Jackson, James Keith, B.Sc.(Eng.) London, D.I.C., of 
Preston, Lancs. 

LANGE, Thomas, B.Sc.(Eng.) Cape Town, of Petersham, 
Surrey. 

Lynpon, Alfred, B.Sc. Tech. Manchester, of Droylsden, 
Lancs. 


McDermott, Alfred Stanley, M.A. Cantab., of Maid- 
stone, Kent. 
MacnaLty, Cormac Columbanus Peter, B.Sc.(Eng,) 


Belfast, of Belfast. 

Mappocks, David Christopher, B.A. Cantab., of Clay- 
gate, Surrey. 

Oss, Frederick Joseph, B.E. Bombay, of Poona Canton- 
ment, India. 

Prior, Geoffrey, B.Sc. Tech. Manchester, of Timperley. 
Cheshire. 
Roprnson, Douglas, 
william, Yorks: 


B.Sc.(Eng.) Durham, of Fitz- 


The Structural Engin 


Roox, Harry, B.Sc.(Eng.) Glasgow, of Crawfor 
Lanarkshire. 
SpuRWAY, Ronald Victor, 
Harrow, Middlesex. 
THRELFALL, Robert Malcolm, B.Sc. Tech. Hons. Mam 
chester, of Manchester. 
TURNER, John Roger, of London. q 
WESTALL, John Butterworth, B.Sc. Tech. Hons. Mang 
chester, of Manchester. 
Witson, Bernard Arthur, B.Sc.(Eng.) Hons. London, ¢ 
Portsmouth. 


B.Sc.(Eng.) London, 


ASSOCIATE ‘ 
Price, Henry Wynter, of Pretoria, South Africa. 


MEMBER 


GOURLAY, James Fleming, B.Sc.(Eng.) Glasgow, 
A.M.I.C.E., of Glasgow. 


TRANSFERS 


Students to Graduates 
AxLcock, Bruce Lawrence, of Port Elizabeth, South 
Africa. 
Burman, David Charles, of Liverpool. 4 
EVANS, Clifford John, B.A. Hons. Cantab., of Penarth 
Glam. 
HowpeEn, Ivor, B.Sc.(Eng.) London, of Norton-on-Tees 
JoNnES, Malcolm, of Batley, Yorks. 


Graduates to Associate-M embers 


Boustany, Fiaz Wadie, B.Sc.(Eng.) Hons. London 
of Kuwait, Persian Gulf. : 
Hamp, Eric James, of London. 
Hitt, David Alexander Howard, B.Sc.(Eng.), Capé 

Town, of Pretoria, South Africa. 
Hocan, Eugene Peter, of Crosby, Liverpool 23. 
Levy, Joseph, of Glasgow, S.2. 

Lovejoy, Edward Geotfrey, of Anglesey. 
SEVILLE, Stephen Wyatt, of Manchester. 
WASHINGTON, John Brian, of London. 


Associate-Members to Members 


LakE, John Owen Arthur, of London. a 
SHAHANI, Chetanram Mangharam, B.Sc.(Civil) Edin- 
burgh, A.M.I.C.E., of Calcutta, India. 


Members to Retired Members 


BapiAn, Avner, of Haifa, Israel. 

BARKER, Theodore Delabere, M.I.Mech.E., 
church, New Zealand. 

CoTTERELL, Ernest Lawrence, of Wolverhampton. 

GALBRAITH, William, of Bexhill-on-Sea. 

Ivinson, Frank, of Stockport, Lancs. 

KnicHT, Bernard Howard, D.Sc., 
F.R.L.C.S., of Wraysbury, Bucks. 

MAINWARING, Harry, M.C., of Altrincham, Cheshire. — 

Moncrierr, Lt. Col. Alan, O.B. E., M.C., M.A, (Cantab. } 
A.M.I.C.E., of Wadhurst, Sussex. 

OKELL, Robert, MGs B.Sc., Bee rsiac 8 fa AMILCE, 
of Durban, South Africa, 

OwEN, Sydney, of Widnes, Lancs. 

Pires Albert Ovenden, of Durban, South Africa. | 

WoLsTENHOLME, Walter, M.I.Mech.E., of Johannesburg 
South Africa. 


of Christ 


oBh,D., MICE, 


| 


: 


yee? See eee Ske + ae Zt. 


wuary, 1953 
-RE-ADMISSION 
-Associate-Membership 
ICKELL, Richard Goulden, M.I.C.E., of Wellington, 
New Zealand. 

. . OBITUARY 
[he Council regret to announce the deaths of JoHN 


LLIAM Barrow, LEoN EMILE CALLEBAUT (Members) ; - 


ofessor FREDERICK CHARLES LEA, ALBERT STANLEY 
ENCER (Retired Members) ; LESLIE ALLEN, JAMES 
1F, HARRY STUART MorGAN, ALFRED EDWARD 
LLIAMS. (Associate-Members). 


RESIGNATIONS 


Notification was given that the Council had accepted 
th regret the resignations of JOHN ALFRED DAVEN- 
RT, CHARLES REGINALD FoRD, HENRY GARDNER, 
INEL DouGLas LEONARD, MAURICE SPENCER, CHARLES 
‘RBERT ASLIN (Members) ; HERBERT DuNCAN BIND- 
Y (Retired Member) ; HERBERT HENRY CLARK, 
IFFORD BROADBENT DEAN, FREDERICK ROBERT 
7HILL, HAROLD WILLIAM SHARPE (Associates) ; 
ORGE CROSSLEY, JOSEPH GIMPEL, ROBERT RUSSELL 
GLIS, AUSTIN JOHN MorGan JONES, WILLIAM ARCHI- 
LD Morris, Harry Nurse, JOHN Lioyp Roacu, 
ALTER GEORGE WHINCOP (Associate-Members) ; Louis 
INTERTON ACKROYD, ARTHUR LAWRENCE HORNIBROOK 
YLIS, DuNCAN MACGILLIVRAY BEATON, RONALD 
ORGE Cox, DATTATRAY VAMAN DESHPANDE, JOHN 
RTRAM DONAT, Eric ARTHUR SINCLAIR Guy, HuGH 
WARD HUTCHINSON, CHARLES JACK KIMBER, JOHN 
DERICK LAWSON, ALAN PAUL SENIOR, GEORGE 
VID SPEARING, RAYMOND Twose, JOHN MICHAEL 
ALSH, JOHN PuRcCHASE WILKINS (Graduates) ; 
ILLIp ARTHUR COLLINS, PETER HOWELL DavIEs, 
ALTER BisHoP Davies, LIONEL FRANCISSELEM DRAKE, 
FRED WALLACE GOULD, DAvip SYDNEY MACKAY 
SRR, JOHN DEREK MARSHALL, PETER JOHN TANNER, 
MES WILLIAM HENRY TAYLOR, PETER IAN Woop 
ILKERS, EDWIN JOHN WASDELL, CHARLIE ANTONY 
ADDRINGTON Woops (Students). 


EXAMINATIONS—JULY, 1953 


The Examinations of the Institution will next be held 

centres in the United Kingdom and overseas on 
ly 14th and 15th, 1953 (Graduateship) and July 16th 
d 17th (Associate-Membership). ° 


EXAMINATIONS 


EPARATION FOR THE EXAMINATIONS OF THE INSTITU- 
yN BY ATTENDANCE AT TECHNICAL COLLEGES 

A candidate for Graduateship or Associate-Membership 
iy be able to attend a technical college ; these notes 
» intended to guide him in choosing the most suitable 
truction. 


EPARATION FOR THE GRADUATESHIP EXAMINATION 


Technical Colleges offer : 

(a) Full-time courses for degrees or Higher National 
plomas in Building or Engineering. 

(b) Part-time day or evening courses for Higher 
tional Certificates in Building or Engineering. 

If he obtains a Higher National Certificate or Diploma 
mplying with Appendix 11, Section V, of the Regula- 
ns Governing Admission to Membership, the candidate 
ll be exempted from the Graduateship Examination. 
Alternatively, he may study subjects selected from 
2 available courses and sit the Graduateship Examina- 
n. At technical colleges courses are usually available 
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in Building Science or Engineering Science, Strength of 
Materials, Theory of Structures and Surveying, but 


students, are not normally allowed to select subjects 


from National Diploma or Certificate courses unless 
they can show evidence of sound training in more 
elementary studies. The advice of the College Authori- 
ties should be followed. 


_PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 


At some technical colleges there are part-time courses 
in Structural Engineering which cover the syllabus of the 
Associate-Membership Examination. At other colleges 
the candidate must rely on Higher National Certificate 
courses or on advanced courses in Building, Civil 
Engineering or Municipal Engineering ; these cover 
only part of the requirements for the Associate-Member- 
ship Examination. 


Colleges in the first category provide at least two 
years of instruction in Theory of Structures and in 
Structural Engineering Design and Drawing up to 
Associate-membership standard. They also give in- 
struction in Structural Specifications, Quantities and 
Estimates. 


The Colleges which have informed the Institution that 
courses in Structural Engineering are available are :— 


Belfast College of Technology. 

Birmingham College of Technology. 

Bolton Municipal Technical College. 

Bradford Technical College. 

Chesterfield College of Technology. 

Derby Technical College. 

Dudley and Staffordshire Technical College. 

Glasgow Royal Technical College. 

City of Liverpool College of Building. 

L.C.C. Brixton School of Building, S.W.4. 

L.C.C. Hammersmith School of Building and Arts, 
and Crafts, W.12. 

Manchester College of Technology. 

Middlesbrough, Constantine Technical College. 

Salford Royal Technical College. 

South-West Essex Technical College, Walthamstow, 
Eer7, 2 

Stockport College for Further Education. 

Willesden Technical College, N.W.ro. 


Colleges in the second category provide instruction 
in Theory of Structures from which the student may 
reach Associate-Membership standard, but instruction 
in Structural Engineering Design and Drawing and in 
Structural Specifications, Quantities and Estimates is 
not usually so complete. The colleges which have 
informed the Institution that such courses are available 
are :— 


Bridgend Technical College. 

Brighton Technical College: 

Cardiff Technical College. 

Huddersfield Technical College. 

Leeds College of Technology. 

London, Battersea Polytechnic, S.W.11. 
London, Northampton Polytechnic, E.C.1. 
L.C.C. Westminster Technical College, S.W.1, 
Plymouth and Devonport Technical College. 
Preston, Harris Institute. 

Wigan Mining and Technical College. 
Woolwich Polytechnic, S.E.18. 


Students attending colleges in the first category are 


advised to take the organised courses in Structural 
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Engineering. 
dard will usually be allowed to select subjects from 
courses provided by colleges in the second category. 


FORTHCOMING MEETINGS 
The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1. 
Thursday, February 12th, 1953 
Ordinary Meeting at 6 p.m., when Dr. F. G. Thomas, 


M.I.C.E. (Member of Council), will give a paper, on 


“ The Strength of Brickwork.” 


Thursday, February 20th, 1953 
Ordinary General Meeting for the election of members, 
5.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
when Mr. P. L. Capper, AR Beer ctor A. M.1.C.E. (Member 
of Council), will give a paper on “Soil Mechanics in 
relation to Structural Engineering.”’ 


Thursday, March 12th, 1953 


Joint Meeting with the Institute of Welding, at 
6 p.m., when Mr. E. M. Lewis will give a paper on “ The 
Construction of the new Testing Laboratory of the 
British Welding Research Association at Abington.”’ 


Thursday, March 26th, 1953 


Ordinary General Meeting for the election of members, 
5.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
when Brofeseor olde Pugsley,;O:B:E., F.R.o.5. D:Se,; 
M.1.C.E., F.R.Ae.S. (Vice-President), will give a paper 

nm, A Simple Theory of Suspension Bridges.”’ 


Thursday, April 23rd, 1953 

Ordinary General Meeting for the election of members, 
5.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
when. Mr J:; HsA.. Crockett, Bsc. 4 A. CsGH YD G,, 
A.M.I.C.E. (Associate-Member), and Mr. D. B. O’Neill, 
B.Sc., will give a paper on “‘ Modern Machine Foundation 
Technique.”’ 

Members wishing to bring guests to .the Ordinary 
Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


JOURNAL, CASES “AND BINDING, 1952: 


A binding case can be supplied for the twelve issues of 
the Journal, January-December, 1952 (Vol. 30), price 
11/6d. post free. The price for binding volumes is 
26/6d. per volume, inclusive. This is for the half-leather 
binding which has been in use for some years. 

It is requested that all parcels and Journals forwarded 
for binding should bear the name, address and rank of the 
member concerned. All volumes for binding must. be 
despatched to the Institution by March 31st, 1953. 

An Index will be included in all volumes bound. This 
Index will not be generally distributed, but members and 
others wishing to have a copy should apply to the 
Secretary. 


DRURY MEDAL AWARD 


The fourth competition for the above award willi take 
place jn. 1953. The subject is the design of the structure 
of a new factory building. The material of construction 
is entirely at the choice of the competitor. The com- 
petition has been designed to encourage ingenuity of 
structural arrangement. Economy i in the use of steel is 
an important feature of this year’s competition. 

Graduates and Students of the Institution who wish 
to compete are invited to apply for full details to the 


Students of Graduate Membership stan- 
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Secretary ; ayuinoes to be marked in the top left-han 


corner, ‘‘ Drury Medal Award.”’ 
The closing date for the competition is October rst 
1953: 


. The eral conditions of the competition are a 
follows :— 


1. The , competition shall be for Graduates ant 
Students of the Institution of not more than 25 yeas 
of age. 

2. The subject of the competition shall be a design of 


structural character, that is to say, primarily sha 
design, not planning. 


3. The subject of design and conditions shall b 
prepared and issued biennially by a group of five mem 
bers appointed by the Council. 


4. The Literature Committee shall appoint a Jury o 
not less than five to examine the works submitted an 
to interview candidates, if found necessary. 


5. In order to show that the work submitted is sole 
the work of the competitor, the documents submitte¢ 
shall be countersigned by a corporate member of ‘thi 
Institution, or failing this, shall be accompanied by 
declaration on a prescribed form signed by the candida 
in the presence of a Justice of the Peace or a Commi 
sioner for Oaths. 


MACLACHLAN LECTURE COMPETITION, 1953 


The closing date for the receipt of entries for the nex 
MacLachlan Lecture Competition will be Tuesday 
March 31st, 1953. Particulars of the Competition a 
as follows :— 


1. The Institution of Structural Engineers shal 
institute a written lecture to be known as the MacLachla 
Lecture and to be held annually. 


2. The subject of the Lecture may be on any aspect 
of Structural Engineering so long as in every secon 
year the subject shall be confined to steel structures 
(1953 is one of these years.) 

3. Entrance into the competition for the Lecture 
shall be confined to Associate Members of the Institution 
who are under the age of 32 years. 


4. All papers entered for the Scnepedens shall be 
submitted to assessors. to be. appointed by _ the 
Council of the Institution, and all such papers (includin, 
the prize-winning Lecture) shall be available for publica 
tion in the Journal of the Institution at the discretior 
of the Council. 

5. No paper submitted shall have been published o 
read elsewhere. 

6. The winner of the competition shall be required tc 
present the Lecture to a meeting of the Institytion.a 
which he will be presented with the sum of £17 Tos. od. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit he will receive a consolation 
award of £5. 

8. In the event of there being no winner of the 
competition in any one or more years, whether becausé 
no lecture submitted is considered to be of sufficien 
merit to warrant award, or for any other reason, the 
Institution shall transfer these sums to the Research 
Fund of the Institution. 


PAPERS FOR PUBLICATION 


The Literature Committee have under consideration 
the selection of papers for inclusion in the Sessiona 
Programme for 1953-1954. Members who may wish to 
offer papers during the coming Session are invited t¢ 
communicate with the Secretary, : 


Peis (<a eas 
wuary, 1953." 


[he Committee would also be glad to consider offers 
dapers for publication without discussion at a meeting. 
Che following is a,summary of the Committee’s 
juirements relating to articles and papers ; a copy 
the full conditions may be obtained from the Secretary. 
1) Articles must be of an appropriate character, 
ving a bearing upon structural engineering or upon 
ne kindred scientific or constructional subject, and 
ist be approved by the Literature Committee. A 
ort title is an advantage. 
(2) Contributions must be original either in subject- 
itter or in presentation. Articles which have already 
en published or have been read to other organised 
dies, or are carelessly prepared, will not be accepted 
- publication. 
(3) The style of writing will necessarily vary with the 
dividual, but authors are requested to write as plainly 
d simply as their subject will allow. Papers should 
written in the third person. 
(4) Where the subject allows, a brief introduction or 
nopsis should state clearly the purpose and scope of 
€ paper or article, and the author’s conclusions or 
commendations should be summarised at the end of 
e paper. 
In order to facilitate the indexing of articles for refer- 
ce, the author will be required in addition to prepare a 
ort precis not exceeding 25 words for inclusion under 
e title of the paper on the contents page of the Journal. 
(5) Illustrations are desirable where they assist in 
plainipg the context or are fundamental ‘to the 
bject. They should not be used if unnecessary for 
ese purposes. Illustrations may be either line draw- 
zs or photographs, 
(6) Line drawings must be specially prepared for 
production on smooth white paper or clear tracing 
per, with heavy main lines and large clear lettering 
awn in indian ink with a mapping pen. Alternatively, 
e author may submit drawings on one sheet of paper 
th the relevant lettering on a cover sheet of tracing 
per. 
The printed page of THE STRUCTURAL ENGINEER is 
in. wide by 10 in. deep. The drawings, where prac- 
able, should be prepared not larger than twice this 
e with a View to half-scale reproduction. Unavoidably 
rge drawings which require reduction to one-third size 
less, must be specially heavy and with proportionately 
ge lettering for clear reproduction. Ordinary working 
awings are not satisfactory. 
(7) Where photographs are submitted they should ‘he 
Ha black on glossy paper. 
(8) MS. typewritten in double BP ACI: should: be 
bmitted. in duplicate. 
Brevity is an advantage and papers should not 
prvally exceed 7,500 words in length. 


THE LATE MR. C. F. PRIESTLEY 


Members of the Institution who were acquainted with 
r. C. F. Priestley, a former Member, will regret to learn 
at he died at Parramatta General Hospital, Australia, 
November 13th, 1952, after a heart seizure. 


INDON GRADUATES’ AND STUDENTS’ SECTION 


The next meeting of the Section will be held at 
, Upper Belgrave Street, London, $.W.1, on Tuesday, 
bruary 24th, 1953, at 6 p.m., when Lt. -Colonel G. W. 
irkland, M.B.E. (Member of Council), will give a 
per on “‘ Prestressed Concrete.” 

Hon. Secretary : C.. Allen. Brown, 43, . ores 
venue, Highams Park, London, E.4. 


Gok 


ADDITIONS TO THE LIBRARY 


British Constructional Steelwork Association. Publica- 
tion No. 5—The Collapse Method of Design—being the 
application of the Plastic Theory to the Design of Mild 
Steel Beams and Rigid Frames. London, 1952. 

British Iron and Steel Research Association Corrosion 
Committee : The Fight against Rust. London, 1952. 

Institution of Mechanical Engineers, Proceedings of 

~ Automobile Division, 1950-51. . 

International Association for Bridge and Structural 
Engineering Publications, Vol. 11, 1951 and Vol. 12, 
1952. Zurich, 1952. 

International Association for Bridge and Structural 
Engineering, Fourth Congress, 1952, Preliminary 
Publication. Presented by Major R. F. Maitland. 

Knicut, B. H., and Knicut, R. G. Builders’ Materials. 
London, 1948. Presented by Mr. A. T. Wadi Williams 


National Bureau of Standards Circular No. 520: 
Mechanical Properties of Metals at Low Temperatures, 
Washington, 1952. 

Sowers, G. B., and Sowers, G. F. Introductory Sotl 
Mechanics and Foundations. New York, 1951. Pre- 
sented by Mr. C. B. Brown. 

Smithsonian Institution Annual Report, 1950. ue: 
ton, 1951. 

Tort, L., and McKay, A. D. D. Practical Mathematics, 
Vol. IL. 3rd Edn. London, 1952. 

WHITE Parsons, G. D. ee Hamulton Bridge 
Handbook : Highway Bridge Type“ B.”’ London, 1952. 


CORRECTION 


“THE ASSUMED DEFLECTION METHOD “FOR DETER- 
MINING TRANSVERSE STRESSES IN SLABS SUPPORTED ON 
Two SIDES ”’ 

In the precis of the above Article published in THE 
STRUCTURAL ENGINEER of August, 1952, the term J, 
was used to describe ‘‘ moment of inertia per unit width 
of slab,” 

This must be calculated in the following manner ;— 

Let J, be the moment of inertia of the slab section, 
or of a fixed width of the slab section about the trans- 
verse axis. 

Let Ip be the moment of inertia of the enclosing 
rectangle of dimensions “‘ B’’ width and “ D”’ depth, 


Is 
Then the ratio — is ‘termed the “shape factor ” 
i é 
and is given the symbol «, so that 
«BD§ 
I, = al = 
12 
Ty 
I, is then given by —., so that 
B 
aD 
iis 
12 


and this must be used in the equations. 

+ The dimensions of J; are unaffected, and it can be 
calculated in the usual fashion, the design moment will 
then be given for the appropriate linear unit of slab 
surface. 

The author regrets that the original statement may have 
been misleading and trusts that no inconvenience has 
been caused through the use of the equations as at first 
published. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The following meetings have been ‘arranged :— 
Tuesday, February 3rd, 1953 

Annual Dinner and Dance, Longford Hall, Stretford. 

6.45 p.m. for 7.15 p.m. 
Wednesday, February 11th, 1953 

Mr. G. A. Gardner, O.B.E.. (Member) on “ The 
Structural Use of Steel in Building ” at the College of 
- Technology, Liverpool, 7 p.m. 


Tuesday, February 24th, 1953 
Mr: P< We” Rowe; » BSc, - Ph.D: AALUEG ES son 
““Developments in the Design of Sheet Pile Walls.” 
Tuesday, March 3rd, 1953 
Joint Meeting with Reinforced Concrete Association. 
Mr. E. Shepley, B.Sc., A.M.I.C.E., on ‘Prestressed Con- 


crete Framework for Liverpool University Medical 


School.’* 
Thursday, March 26th, 1953 

Joint Meeting with the Institution of Civil Engineers, 
North-Western Association. 

All meetings, unless otherwise stated, will be held in 
the Reynolds Hall, College of Technology, Manchester, 
at 6.30 p.m., preceded by tea at 5.45 p.m. 

Hon. Secretary: A. S. Sinclair, A.M.1.Struct.E., 
17, The Circuit, Cheadle Hulme, Cheshire. 


MIDLAND COUNTIES BRANCH 
The following meetings have been arranged :— 


Tuesday, February 17th, 1953 
Mr. O. W. Jones, B.Sc., A.M.I.C.E. (Member), on 
““Reinforced Concrete Foundations and Structures for 
Blast Furnaces and Materials and Handling Plant at 
Shotton, Nr. Chester,” at King’s Hall, Queen Street, 
Derby, at 7.0 p.m. 


Friday, February 27th, 1953 
Mr. N. T. Grant, on “‘ Experiences with Concrete.” 


Friday, March 27th, 1953 
Details to be announced. 


Friday, April 24th, 1953 

Annual General Meeting. Followed by paper on 
““ Reinforced Concrete Foundations and Structures for 
Blast Furnaces and Materials and Handling Plant at 
Shotton, Nr. Chester,’ by Mr. O. W. Jones, B.Sc., 
A.M.I.C.E. (Member). 

All meetings, unless otherwise stated, will be held at 
the James Watt Memorial Institute, Birmingham, at 
6.0 p.m. 

Hon. Secretary: L. A. Firminger, A.M.I.Struct.E. 
656, Chester Road, Erdington, Birmingham, 23. 


MIDLAND COUNTIES BRANCH—GRADUATES’ AND 
STUDENTS’ SECTION 
The following meeting has been arranged :— 


Tuesday, March 31st, 1953 
Annual General Meeting at the James Watt Memorial 
Institute, Great Charles Street, Birmingham, at 7.0 p.m. 
Hon. Secretary : F. G. Fletcher, 60, Brean Avenue, 
South Yardley, Birmingham, 26. 


NORTHERN COUNTIES BRANCH 
The following meetings have been arranged :— 


Tuesday, February 3rd, 1953 
Mr. B. A. E. Hiley, M.I.C.E. (Member of Council), on 
“ Electricity Generating Stations,” at Middlesbrough. 


Edinburgh, 3, at 6.0 p.m. 


_Mr. James”* Robertson, B.Sc., M.I.C.E., on 


: es Sai oe "The Structural Enaina 
Wednesday, February 4th, 7osh 


The above meeting will be repeated at Newcastle. 


Tuesday, March 3rd, 1953 
Ladies’ Guest Night, at Middlesbrough. 


Wednesday, March 4th, 1953 
Ladies’ Guest Night at Newcastle. 


Tuesday, March 31st, 1953 


Annual General Meeting. 

All meetings will commence at 6.30 p.m., the Middles 
brough meetings being held at the Cleveland Scientifi 
and Technical Institution, Corporation Road, and thos 
at Newcastle in the Neville Hall, near Central Station. — 

Hon. Secretary : O. Lithgow, A.M.I.Struct.E., 
Stoneleigh Avenue, Acklam, Middlesbrough, 


NORTHERN IRELAND BRANCH 


The following meetings have been arranged :—- 


Tuesday, February oth, 1953 q 

Annual Dinner and Social Function. Visit of the 
President and Secretary of the Institution, at Grand 
Central Hotel, Royal Avenue, Belfast, at 6.30 p.m. 


Tuesday, March 3rd, 1953 


Mr. J. C. Malcolmson, B.Sc. (Member), on “ Recent 
Developments in Prefabricated Concrete Structures.” 


Tuesday, March 31st, 1953 


Annual General Meeting. 

All meetings, unless otherwise stated, will be held i in 
the College of Technology, Belfast, at 6.45 p.m., pre 
ceded by tea at the Overseas League premises, Welling 
ton Place, Belfast, at 6.0 p.m. 

Hon. Secretary: S. Duckworth, M.I.Struct. E 
“ Lisleen,’”’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
The following meetings have been arranged :— 


T uESEGY, January 20th, 1953 


Mr. C. H. Hill, on “ The Design and Erection of Tele- 
vision Masts,’ at Royal Circus Hotel, Royal Circus, 


aq 


Friday, February 6th, 1953 


Mr. A. Frood, Mr. Peter Murray, B.Sc., M.I.C.E., and 
“ Problem 
Jobs—Contractors’ Solutions.” Joint Meeting with the 
Glasgow and West of Scotland Association of the 
Institution of Civil Engineers at the Institute of En- 
gineers and Shipbuilders, Elmbank Street, Glasgow, at 


7.15 p.m. 


Wednesday, March 18 1953 


Mr. H. Nelson, B.Sc., A.R.T, C., on “‘ Tension Members 
in Engineering Structures,’ at the Royal Technical 
College, George Street, Glasgow, at 6.0 p.m. 

Tuesday, April 14th, 1953 oe 

Annual General Meeting. At Ca’doro Restaurant, 
Union Street, Glasgow, at 6.0 p.m. . 

Hon. Secretary: D. G. Drummond, B.Sc, 
M.1.Struct.E., A.M.I.C.E., 11, Woodside Terrace, Glas- 


gow, C:3, i 


~ 


ees Meme fe, WS gi en Te Py, Pei od is eS io 2 liga 


ay <4 » ie 2 oe me = ee 


ruary, Louk oe Aa ae 


SOUTH-WESTERN COUNTIES BRANCH 
The following meeting has been arranged :— 


Friday, February 6th, 1953 

Mr, F, R. Bullen, B.Sc., M.I.C.E. (Hon. Curator), on 
Inusual Design for a Large Constructional Shop,” at 
- Duke of Cornwall Hotel, Millbay, Plymouth, at 
p.m. : 

don. Secretary: E. W. ‘Howells, M.I.Struct.E., 
Messrs. T. L. Harding & Sons, Ltd., 10-12, Market 
eet, Torquay, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 
[he following meetings have been arranged :— 


Wednesday, February 11th, 1953 
Mr. D. Manolopoulos (Member), on “ Report on the 
1 Congress of the International Association of Bridge 
1 Structural Engineering,’ at Swansea. 


Tuesday, February 17th, 1953 
[he above meeting will be repeated at Cardiff. 


Wednesday, March 11th, 1953 
Mr. J. R. M. McEwen, B.Sc., on ‘“ Tubular Struc- 
es,’ at Swansea. 


Tuesday, March 17th, 1953 
[he above meeting will be repeated at Cardiff. 


Friday, March 27th, 1953 
3ranch Annual Dinner at Swansea. 


Tuesday, April 14th, 1953 
Mr. J. R. M. Poole, on “ Recent Developments in 
nber Structures.” 
Meetings at Cardiff will be held at the South Wales 
titute of Engineers, Park Place, at 6.30 p.m. 
Mieetings in Swansea will be held at the Mackworth 
tel at 6.30 p.m. . 
Jon. Secretary: -G.. R. Brueton, A.M.I.C.E., 
M.1.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. 


WESTERN COUNTIES BRANCH 
The second meeting of the Session was a Combined 
eting with the. South-Western Association of the 
titution of Civil Engineers, held in the Geology 
‘ture Theatre of the University of Bristol, on Friday, 
vember 6th, 1952. 
ir. G. P. Bridges, A.M.I.C.E. (Member), presented 
“paper entitled ‘“‘ The Design and Construction of 
inforced Concrete Silos and Bunkers,” revealing his 
ert knowledge of both the theoretical and practical 
es. Mr. Bridges gave excellent replies to the many 
sstions put to him by members and friends present. 
\ Vote of Thanks was proposed by Mr. N. S. Cox, 
oh NELC.E: 


rhe following meetings have been arranged :— 


- Friday, February 6th, 1953 ; 
fr. F. G. Clarke (Associate Member), on ‘‘ Some Local 
itracts and Welded Steelwork for a Bus Garage.”’ 


Wednesday, February 18th, 1953 
snnual Dinner. 


: Thursday, March 5th, 1953 : 
combined Meeting with the Institution of Civil 
sineers. Mr. L. Richardson, A.M.I.C.E. (Associate 


~ 
>) 
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Member), on ‘‘ Plymouth ‘B’ Power Station,” at the 
Reception Room, University of Bristol, at 5.30 p.m. 
Tea at 5.0 p.m. 


Friday, April toth, 1953 

Annual General Meeting. Followed by Film Show 
and/or Papers presented by Junior Members. 

All meetings, unless otherwise stated, will be held in 
the University of Bristol Geology Lecture Theatre 
(entrance University Road), at 6.0 p.m., preceded by 
tea at 5.30 p.m. 

Hon. Secretary :. E, Hughes, A.M.1.Struct.E., 39, 
Effingham Road, St. Andrew’s Park, Bristol, 6. 


YORKSHIRE BRANCH 


The second meeting of the Yorkshire Branch was. 
held on Wednesday, November r1gth, in the University, 
Leeds, when a paper entitled ‘‘ Concrete Grain Silos at 
Louth,”” was given by Mr. G. C. Cummings, and was. 
illustrated with a large number of slides. A Vote of 
Thanks to the speaker was proposed by Dr. S. Champion, 
and seconded by Mr. A. Robb, and was carried with 
acclamation. 

A Joint Meeting of the Yorkshire Branch and the 
Yorkshire Association of the Institution of Civil En- 
gineers was held on Thursday, November 27th, at the 
Blue Bell Hotel, Scunthorpe, when about 45 members 
and visitors assembled to hear a paper on “‘ The Plastic 
Theory and its Application to the Design of Mild Steel 
Beams and Rigid Frames,’”’ by Mr. F. A. Partridge, 
B.Sc.(Eng.), M.I.€.E., A.C.G.I., M.Inst.W. The paper 
was well illustrated and provoked keen discussion. — 

The following meetings have been arranged :— 


_ Wednesday, February 18th, 1953 
Dr. S. Mackey; M.E., B.Sc., A.M.I.C.E.1. (Associate- 


Member), on “Secondary Stresses in Steel Bridge 
Girders.”’ 


Wednesday, March 18th, 1953 
Mr. H. E. Manning, B.Sc., M.I.C.E. (Member of 
Council), on ‘‘ Report on the Papers given on Concrete 
Shell Roofs in London, July, 1952.”’ 


Friday, April 17th, 1953 : 
Annual Dinner and Dance, at the Parkway Hotel, 
Bramhope, Leeds, at 7.0 p.m. 


Wednesday, April 22nd, 1953 

Annual General Meeting. Followed by “ Sea Defence 
Works,” by Mr. J. Dossor, M.I.C.E., A.M.I.Mech.E. 
(Member). 

Unless otherwise stated, all meetings will be held at 
The University, Leeds, at 6.30 p.m. 

Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E., 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted in the City En- 
gineer’s Department, City Hall, Johannesburg. Phone : 
34-1111 Ext, 257. 

Natal Section Hon. Secretary: E. G. Bennett, 
A.M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., P.O. 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.1.Struct.E., 
P.O. Box 1692, Cape Town. 
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Back Reviews 


System of Tables for Quick and Accurate Solving 
of any Continuous Beam (2nd Edition, in English), by 
A. P. Skayannis (London : Lange, Maxwell & Springer, 
1949). gin. x 62in. 43 pp., plus diagram. ais. 

These tables will be of value to all those who deal with 
the problems of continuous beams as they give a rapid 
and accurate solution for computing the distances of 
the fixed points and eliminate the need for graphical 
construction. 

In addition to the tables, eratoles are given together 
with their solutions, and the volume includes a nomo- 
graphic chart for the determination of the positions of 
the fixed points. 


A Measuring Diagram for Daylight Illumina- 
tion for the Measurement, Predetermination and 
Representation of Natural Lighting, by Percy J. 
Waldram (London : B. T. Batsfofd, 1950). 19 pp. 
go? in. x 6 1n., 7 figs. and chart. 5s. 

This booklet, for the use of architects and surveyors, 
contains copies of measuring diagrams for the solution 
of problems on the natural lighting of interiors. Clear 
instructions are given and a large-scale chart is provided. 


Reinforced Concrete, by Oscar Faber. (London : 
E,; & F; Spon, Ltd., 1952.) ° 82 in. * 5% in., 232, pp. 
30s. 

This is a new presentation of well-established princi- 
ples and methods, mainly in regard to the design of 
reinforced concrete beams, columns and ‘slabs, as 
recommended by the 1948 Code of Practice which was 
produced under the Chairmanship of the author. 

It is written in a clear and simple style and is a 
valuable exposition of design technique supported by 
references to many years of practical experience. It 
could be read and appreciated by a student having quite 
an elementary knowledge of strength of materials. 
The author has commendably attacked. pretence to 


accuracy by mathematical display, but it might have ~ 


been wiser to have recommended to the inexperienced, 
discrimination in regard to. accuracy, as some readers 
may have the impression that reinforced concrete design 
calculations are always based on very vague assumptions. 
For instance, the Factor of Safety in regard to failure 
by steel yield can be computed fairly accurately in a 
reinforced concrete beam, but in regard to failure by 
concrete crushing only within wide limits. Also, it is 
important for students to appreciate the difference 
between calculations which are based on well-established 
safe limits and those which are just approximate. 

The design of shell structures and prestressed concrete 
have now developed so as to require the attention of 
specialists. These subjects are introduced, but as the 
author indicates, they hardly come within the scope of 
‘the book. The excellent frontispiece showing Esbly 
Bridge is a fitting tribute to the work of Freyssinet but 
it is a pity that in regard to shell construction the 
pioneer analytical work which has been. published 
during the last twenty years, and which is of historic 
importance, is given scant recognition. 

A useful chapter on chimney design is included. 

A demonstration is given on page 24 which shows 
clearly that the cost of reinforced concrete building 
frameworks and the quantity of steel required is less 
than for structural steelwork. This is particularly 
appropriate at the present ‘time. 


is hardly sufficient, since the engineer who wishes t 


Writing a technical textbook is an arduous task, and) 
it is greatly to the credit of a busy consultant such ; 
Dr. Faber that he has been able to find the time f 
produce this useful book. - 

AA aie 


The Resistance of Piles to Penetration, by Russe 
V, Allin, M.I.C.E. (Consors Spon: 2nd edition 1951 
30 pp. 67 Tables. 52#in. x o$in. 2Is. 

Having read the first 30 pages of this book, with th 
greatest interest, and much profit, one turns over, eage 
for more of the same quality, only to find in the remair 
ing 93 pages an arid waste of tables. The Author state 
in the preface that “‘ these tables have received som 
criticism on account of their unavoidable suggestion of a 
accuracy, which it is well known to practical engineers 
piling formule can achieve,’’ and he is at some pains f 
find justification for their inclusion. The claim tha 
“ they show the quantitative effects, on ultimate resis 
ance, of varying the driving conditions, sizes and lengths 


analyse those effects will adopt a more elegant expedier 
than the extraction of data from tables of ““approximat 
values based on average soil conditions.’’ A few page 
describing analytical methods, and other aids to the us 
of the formula, would have avoided the necessity ¢ 
giving tables covering (but only for average condition 
the whole range from 12 in. x 12 in. timber piles drive 
with a 4-ton hammer, to 24 in. x 24 in, reinforced co 
crete piles driven with a 10-ton hammer. It is only nigh 
to say that these tables appear to constitute the Autho 
main purpose, but it is a purpose he might well hay 
abandoned, using the space so saved for a continuation € 
his excellent exposition in the preceding chapters. 


G. Bo Re 


. Means of Escape in Case of Fire, by er 
Brend, A.R.I.C.S. (London : Pitman, 1952.) 155 pp 
5$ in. X SFins9 15s. 

A treatise on means of escape by Mr. Horace Brend 
something which carries with it authority since there ca 
be few people who have had greater experience in th 
provision of means of escape than Mr. Brend, who fa 
many years has been one of the senior officials in the 
Architect’s Department of the London County Coung¢ 
dealing with this aspect of buildings and their occu 
pation. It is made clear in the introduction that th 
opinions expressed in the book are the writer’s own a 
as such, should not in any manner TPP the Counc 
or its officers. 

The book is divided into two parts, ‘the first giving 
general precis of the several Acts which call for certaii 
standards of escape and protection. These include th 
London Building Acts (Amendment) Act, 1939, Factorie 
Act, 1937, London County Council (Celluloid) Act, 1914 
Theatres Act, 1843 and Related Legislation, Publi 
Health Act, 1930, and the Celluloid and Cinematograp. 
Film Act, 1922. It is most useful to have the relativ 
sections of these Acts grouped for easy reference in } 
single volume. The second part sets out the principle 
of means of escape applied to planning, together wit! 
numerous illustrations indicating typical arrangements 

The whole is compressed into 150 pages, providing 
most valuable and handy size reference on this anon n! 
aspect of peeniee 2 construction. : 


S1 Introduction 


In spite of the growing importance of suspension 
dges for long spans, English text-books on the theory 
structures commonly either make no reference to 
spension bridges or else give ealy a brief account 
Rankine’s approximate theory.’ In the latter case 
is-usual to outline the m:thod as applied to a bridge 
th a three-hinged stiffening girder, to mention that 
e results so obtained overestimate the bending actions 
the girder, and perhaps to indicate that, with still 
s accuracy, the method can be applied to the case of a 
o-pinned girder. If anything is said of the “ deflec- 
nm theory ’’ in common use in the U.S.A., and outlined 
some American text-books?, 3, it is usual only to 
mark on its greater accuracy without giving much 
lication of its essential nature and limitations. 

This paucity of English material on the subject is 
w more apparent than real. Some fifteen years ago 
uthwell showed how relaxation methods could be 
plied to a suspension bridge, and worked out with 
kinson* a numerical example in which allowances 
re made for some factors usually ignored by American 
rkers, More recently this method has been applied, 
th further detailed improvement, by Crosthwaite® 
the course of working on.the design of the proposed 
vern bridge. More recently still, the writer has 
tlned a method of treatment based on the use of 
xibility coefficients to represent. the behaviour of 
th the cable and the stiffening girder®, and the accurate 
culation of these coefficients has been. discussed by 
arkland’. 


Thus for the analysis of a particular bridge andes aves 


rticular system of loading there are now available at 
ist three alternative methods of approach—the 
ferential equation treatment of the deflection theory, 
e successive approximation treatment of the relaxation 
eory, and the simultaneous linear equation approach 
the flexibility coefficient method. But none of these 
proved, and. more accurate methods make for ready 
sign generalisations, and although they represent 
ecessive improvements in the physical understanding 
the behaviour of suspension bridges, none have the 
nplicity and the design appeal of the early theory of 
unkine. 

It was with this background in mind, and in the 
urse of working on the development of the flexibility 
efficient approach, that the writer conceived the 
nple approximate theory of the present paper. Essen- 
lly a suspension bridge consists of two structures—a 
avy cable and_a beam—both of which are separately 
pable of carrying transverse loads, but with very 
ferent deflections, and their joint behaviour must 
gely depend upon their relative stiffness under 
unsverse loads. Rankine assumed that in practice 
is relative stiffness would be such that no changes of 
ape in the cable form would occur ; but are practical 
idges really in this category ? And, if not, what are 
e effects of changes of relative stiffness ? These are the 
uin questions to which a simple theory—if it is to 
prove on Rankine’s method—must provide an 


* Paper to be vead befove the Institution of Structural “Engineers 
11, Upper Belgrave Street, London, S.W.1, on Thursday, March 
h. 1953, at 6 p.m. 
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Simple Theory of avg Bridges* 


By Professor aCe: Pugsley, O.B.E., D.Sc., 


F.R.S. 


answer. And the questions are not, just academic ones, 
for it is already well known that Rankine’s method 
gives results for the bending moments on practical 
suspension bridge girders that are sometimes at least 
twice the probable values?. 

In the first section of this paper the place of the 
relative stiffness of beam and cable, and the natural 
mode of its expression, are examined by dimensional 
theory. Thereafter, an analogy is drawn between a 
beam supported by a cable and a beam supported by 
an elastic foundation, and a whole field of simple analysis 
for the latter thereby made available for the former ; the 
stiffness parameter of dimensional theory is thus brought 
to effective use. This fact is then illustrated by applying 
the method to examine a typical bridge, first as regards 
the girder bending moment problem upon which atten- 
tion has been primarily concentrated, and then as 


» regards the tensions in the cable and suspension rods. 


A final section examines briefly the relevance of the 
method to the prediction of the natural frequencies of a 
suspension bridge in flexure. 


S2 Dimensional Theory 

‘It will help to clarify the problem and to coordinate 
the basic factors involved to look at it first in terms of 
dimensional theory. For this purpose we have to decide 
upon the main parameters concerned. To do this, let 
us assume that our centre of interest is the bending 
moment on a stiffening girder at a given point along. 
its span when the bridge is under a given system of 
loading. To simplify our statement of the loading, 
consider a single transverse load P somewhere on the 
bridge (so long as the deflections are small, the behaviour 
of the bridge will be linear and the effects of any more 
general system of loading can be analysed by the principle 
of superposition) and assume that the bridge has just 
a single span with cables that are effectively fixed in 
space at the tops of the towers. This will enable us to 
isolate the essential problems of a suspension bridge 
without involving the complications—not fundamental 
ones—arising from flexibility of towers or from extra 
spans. 

So far as the stiffening girder is concerned, were the 
cable and suspension rods not present the bending 
moment upon it would be a simple function of the load P 
and the span L ; but the presence of the cable and rods. 
introduces some partition of the load between cable and 
girder, and so the effective stiffness EJ of the girder 
must be an important parameter. The shear stiffness. 
of the girder may also play some part, but Jet us assume 
that we can allow for this adequately by a suitable 
evaluation of FT. 

The cable on its own would carry the load P indpely 
by a change of its shape rather than by any effect of its 
own small bending stiffness or of its slight increase of 
length. Its resistance to the load would thus arise 
primarily from the fact that the application of P would 
result in a net lifting of the cable, so doing work against 
gravity®. This resistance due to gravity is governed 
entirely by the weight of the cable per unit length 
measured along the span, the span L and the dip d of 
the cable. But the bridge decking hangs from the 
cable and if we neglect the extensibility of the vertical 
rods between cable and girder, this gravity stiffness of 


76 
the cable will depend on w, the weight of the whole 
bridge per unit span. 

Thus we have as the main parameters governing the 
bending moment due to the load : 

PSG SL: wed, 
and may write Mo = -e(P, £, EL, w,- a) 
Examination of this function by the method of dimen- 
sions leads to the following expression as a typical term 
in. any ee representing it 


coe (AYO 


The ae terms here can be raised to any 
power and multiplied one by the other without effecting 
the homogeneity of the expression. Utilising this 


AVERAGE 


VERTICAL DEFLECTION (PERCENTAGE oF DIP) 


Fig. 1.—Distribution of cable stiffness 


freedom to alter the grouping towards physically 
significant terms, we can write that in general 


Eld La PLS 
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EId 


is identifi- 


Of the parameters in this function, 
: wre 


. 8EId \t 
able as kindred to the stiffness factor S’ = ( ) 
wLt 
used by Steinman and Baker #, and as proportional to 
24EId 


the ratio R = previously used by the writer® 


wL* 
for the ratio of the beam and cable stiffnesses. The 
1G 
shape factor -—, within the small variations of — 
! d d 
adopted in practice, is known from deflection and 
flexibility theory calculations to be unimportant. 
Pre 


The factor* expresses a ratio of girder deflection 


EId 


: Pp 
*Multiplication of this factor by the first in (1) gives — , the 
on 


ratio of the applied load to the weight of the cable, as an inter- 
esting alternative form. 


CURVE 1S BASED ON TABLE APPENDED 

To REFERENCE 93 , AND GIVES DEFLECTION 
AT LOADES POINT SUE Ta A CONCENTRATED 
LOAD oF oO-fwl. j 


MEASURED 


“to. cable = die ae for ear denecenne: Scone “tt 


expected to have negligible effect ; moreover, omission 
of this term is clearly consistent with the assump- 
tion of linear response to the load P. There are 
thus good grounds for believing that our general 
expression for M may with sufficient accuracy in many 
cases be reduced to the form 


EId = 
ag fe ( ) oS Pa on ag ee 
wt eh ats \ = 


SN Elastic Foundation Analogy 


substantial improvement, in simple terms, of Rankine’s 
theory depends upon the introduction into the analysis 
of factors representing the stiffness ratio develonea in 


dimensional form in (2). Now a relative stiffne: 3 
problem well known to structural engineers and having 

a fully developed literature of its own is that concerning, 
under various conditions, the behaviour of a beam 
resting on an idealised elastic foundation, and it occurred 
to the writer that advantage might be taken of this for 


the treatment of the suspension bridge problem. j 


In the first place, the stiffening girders of suspension 
bridges are more or less uniform structures supported 
in effect continuously along their lengths by the sus- 
pension cables above. And inthe second place, the 
cables provide almost uniform resistance to vertical 
displacement along the greater part of their length ; that 
this is so is illustrated by Fig. 1 and had already been 
observed exper'mentally by the author® and is confirmed 
by the theoretical results given by Markland’. All 
that seemed necessary, therefore, once the analogy 
was appreciated, was to determine how best to relate the. 
foundation stiffness (governed by its modulus k) to the 


‘stiffness of an actual cable. 


Happily, as is usual in other fields of application of 
elastic foundation theory, the results sought—in our case 
primarily the bending moments on stiffening girders— 
are markedly insensitive to errorsink. Fora long beam 


‘resting on an elastic foundation and carrying a concen- 


trated load, the bending moment under the load is 
inversely proportional to the 4th root of k*, so that a 


*See equation (9), p. 78. 


~~ 


ee 


cent. error in moment. 


measurements at nine stations evenly spaced across the 
cable span, the cable having a dip to span ratio of 1 to 
ro, a ratio representative of practice. It will be seen 
that the average deflection at each station, due to a 
local load of 0.1wL, is 4.76 per cent. of the cable dip. 
Thus if we are to replace the actual cable by an elastic 
foundation of uniform properties, we can conceive of 
the foundation, in this case, as consisting of nine inde- 
pendent vertical springs each of average stiffness. Under 
Jsuch conditions, by applying a load of 0.1wL to each 
spring, the whole foundation would move down an 
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! d. The total load effecting this 


a 


aeasint equal to 
Brae. * 100 


would be 0.9 wl spread over a length L. Thus the 
modulus of the foundation would be 


pee 0.gwL 
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‘This gives us at once the form and the order of the 
equivalent modulus required. 
— Itisclear, however, that as in the comparable railway 
track foundation problem the precise magnitude to be 
given.to & must be decided empirically ; and many 
would naturally place most emphasis on a value found 
to give the most accurate predictions in practice for 
girder bending moments. At this stage, therefore, 
there.is no point in extreme precision, both on account 
of lack of extensive experience and on the knowledge 
that girder bending moments are noticeably insensitive 
to variations of k, As a fair approximation to be judged 
by results such as those given later in this paper, we 
will assume that for a uniform suspension cable 
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We have thus derived a very =e expression for a 
foundation. stiffness ap Boemasohy. equivalent to the 
petty. stiffness of a cable.* 


k = 20. (4) 


S4 Treatment of Suspension Bridge by 

a Proposed Analogy 

s We are now in a position to treat a given bridge 

problem by utilising existing results for beams on 

uniform elastic foundations. Taking the idealised case 
{S2—that is, a single span bridge with cables as though 

fixed in space at the tower tops and a continuous 

uniform stiffening girder simply supported at its ends— 

we have at once from the collection of results in Hetenzi’s 


ti) For a single load P at a distance a from one end 


_ (x += 0) of the bridge 

a 2PLn-=x f nna mae — 
M=M,- > [ sin sin t 

S Ree Ve ¥ L . (5) 
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% * Assuming its ends are fixed ; end ea caaents due to pulls 
from adjoining spans, tower flexure, or tower compression, may 
e approximately allowed for by corrections to k or by separate 


{oO per cent. “error in im ‘ may eae g in only some 10 per 


The stiffness curve of Fig. 1 is faced upon deflection . 
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(u) For a uniform load of intensity q¢ spread over a 
length c of the span, starting at a distance a from 
one end (x = 0) of the bridge 


Zot N= cw 
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In these expressions M, stands for the bending moment 
on the girder were the foundation (or cable) not present. 

The series solutions given above have been chosen in 
preference to the direct solutions, both because the 
latter are reasonably short only in case (i) and because 
it happens that in practice the series converge so that 
only the first few terms (4 or 5) of the summations are 
significant. In utilising these expressions we have 
simply to calculate M. and then to evaluate the sum- — 


w 
mations by taking k = 20—. 
To compare the bending moment result for a single 
load P with that of our dimensional theory, we have first 
to note that 


rE] nt Eld 


Jay Ee 20 wL* 
We see then, at once, that for a given value of @ and x, 
expression (5) gives M in terms simply of PL and the 
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ratio ; the summation term is in fact the function ; 


or 
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The elastic foundation analogy leading to the above 
results can be used to provide another useful way of 


Eld 


in our dimensional theory. 


viewing the parameter When a load is applied 
wt see 
to a long beam resting on an elastic foundation, the 
‘spread ”’ of the resulting disturbance along the length 
of the beam is governed by the relative stiffness of beam 
and foundation, represented in our case by the above 
parameter. Now in most modern suspension bridges 
the spans are such that the stiffening girder, viewed on 


78 


its own, is very flexible compared with the loaded cable, 
and as a result the effects of local loading on the bridge 
are commonly restricted to a small proportion of the 
span. The measure of this tendency, in elastic founda- 
REA EN 
tion theory, is ( , which defines the rate at 
4EI 
which a disturbance dies out along the beam away from 
the load. This term is directly related to our parameter 
by the proportionality between k and w/d, and for 
practical suspension bridges of over 1,000 ft. span has 
values of 2x to Ion. The “ long beam” behaviour 
noted above is commonly regarded?® as characteristic of 


kL* \4 
all cases with values of ( ) in excess Of x. 
4EI 
It is thus apparent that for many purposes, particu- 
larly for loads spread over lengths that are short com- 
pared with the span, the stiffening girder of a suspension 
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(iv) For: a uniform ade of intensity qg spread ¢ over 4 
length (a + 6) on an infinite beam {4 


qi hd Ame . a 
M. = (e sim hate sin db): .- «(Ty 
Ar? 
q —)a —)b 3 
y= —(2—e cosrxa—e  cosrb). . (12) 
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where M and y relate to the point under the load dividing 
its length into the parts a and 0. 

It is of interest to notice the significance of results(iv) 
in relation to the effect of spreading a load along a given 
proportion of the span. Provided the load is not close 
to the ends, conditions there will be unimportant and 
we can use the expression(!1) for M to examine the 
maximum. moment. This will clearly occur at the 
centre of the loaded length (a = b) and is given by 
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Fig. 2,—Bending moment curves for girder 


bridge may be treated as of infinite length on a continu- 
ous foundation, and the end conditions be neglected. 
It is: only when the loading is near an end that much 
error is likely to be introduced by this assumption, and 
even in such a case the girder could be treated as starting 
from the end concerned and of infinite length away 
therefrom—i.e., as a semi-infinite girder. 

Simple direct solutions for the doubly-infinite case 
_ exist, and properly used will in many cases give a quick 

approximate result : 


(ili) For a single load P on an infinite beam 


P x 
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where A = ( ) and x is measured from the 
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point of application of P. 
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where a is the semi-length of the load. For% a given 
loading intensity M. will vary with a, attaining . a 
maximum value when 


6M. q — a 
(cos XA — sin Ka) = 0; 
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If the Rankine method be applied to the same case 
—i.e., a load of intensity q over a length 2a centrally 


placed on a span L, the maximum moment at the cae 


f the span arises when a = — and has a value of 
I ae 
Pete A yo Seco s Dee RE teel e (ees 8 (14) 
etna | 


[t will be seen that the relation between (13) and (14) 
depends solely on A L, i... upon the parameter 


( hL4 Eld 
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The larger this parameter (corresponding to a low 
stiffness of the girder compared with the gravity stiffness 
of the cable), the smaller the maximum value of M. 
compared with that given by the Rankine theory. Thus 
the Rankine theory appears as representing a case 
where the stiffening girder is very stiff, which is con- 
sistent with its inherent assumption of a girder stiff 
enough to spread a concentrated load over the full cable 
‘span, and which explains its decreasing relevance to 
practice as suspension bridge spans have increased 
‘during the last century. 

It remains to consider the accuracy obtainable by the 
use of this elastic foundation analogy. In Fig. 2 
bending moment curves are shown for a particular 
stiffening girder previously analysed® by the author by 
the Rankine method and by the flexibility coefficient 
method, which may be regarded for the present purpose 
as giving almost precise results. In the same diagram, 
for the same conditions, is given the curve obtained by 
the analogy method, using equation (5) of this paper. 
The close agreement between this last curve and that 
deduced by the flexibility coefficient method is apparent. 
Moreover, the peak bending moment given by equation 
(9) for the doubly-infinite case is almost coincident with 
the peak of the flexibility coefficient curve. These 
comparisons also give a check, though, as has been 
temarked, not a sensitive one, on the adequacy of 
equation (4) for k. 


of our previous work. 
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$5 Typical Application 

Consider a single span suspension bridge with a lengt 
‘of 2,000 ft. and cables having a dip of 200 ft. Assume 
that one cable and its associated stiffening girder and 
decking has a total dead weight of 1 ton per ft. run and 
is called upon to carry a live loading equivalent to $ ton 
per ft. run, capable of covering the whole or any part 
of the span. ‘Let the stiffening girder be steel and of 
Warren type. with a uniform equivalent ‘‘ moment of 
inertia’ of 5 x 10° in.* (this corresponds to a girder 
of about 30 ft. depth with booms of about 80 in.? sec- 
tional area). SR aan en 
_ On the basis of the Rankine theory, the maximum 
Moment acting on the girder will arise when the live 
loading covers the middle 1,000 ft. of the span and has a 
value, from equation (14), of 62,500 tons/ft. 
_ For the elastic foundation analogy, we may take 
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and so determine 
k poe Sok 
0 at ( ) = —— ft-} 
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For a maximum moment, on the basis of the approxi- 
mate analysis just given 
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e—= Or tons per it.4; 
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whence a = 290 ft., indicating that the maximum 


bending moment is likely to occur when a length of 
about 580 ft. is covered by the live load. The corres- 
ponding maximum moment is, from (13), 


REP Re! 
M. = 0.161 — = 11,000 tons/ft. 
2 


From this preliminary examination on the elastic 
foundation basis, it is clear that a shorter length of 
loading than the Rankine 1,000 ft. is likely to give rise 
to the maximum bending action on the girder, and that 
the actual maximum moment will be only a fraction 
of the Rankine value. It is.therefore worth proceeding 
to a more accurate calculation on the analogy basis, 
allowing for the end condition effects ignored by our first 
approximation. 

Assuming that the critical length of loading is 580 ft. 
and placing this centrally on the span, equation (7) of 
case (ii) in S4 is applicable, for which we have 
G==-4 ton’ per. ftt;-a== "720 ft.,1¢.—— (580 its and 
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= 129,000 tons/ft. 
3 2 
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The maximum moment will occur at x = 1,000 ft., 
where M., for the simply supported beam condition, is 
124,000 tons/ft. We thus have at the centre 


M = 124,000 — 129,000 Dy 


ee 1.12M — Cos 2.02n) sin 1.57”) | 


ni 
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L 35-3 
The summation here gives 
-X = 853 +0+4 .022 +0+ .001 + = .876, 
whence M = 124,000 — 113,000 = 11,000 tons/ft. 
Thus to the slide rule accuracy of the numerical working, 
the approximate result is confirmed. Were the loaded 
‘length to be increased to 1,000 ft. as suggested by 
Rankine’s analysis, the full analysis just used (equation 
(7)) gives a maximum bending moment of 7,700 tons/ft. ; 
this justifies the indication of the approximate analysis 
that a smaller loaded length* (580 ft.) than Rankine’s 
1,000 ft. would, for central loading, give the maximum 
bending action on the girder. - 
It is of interest to use the same formula (7) of case (ii) 

to determine the effect of moving a given loaded length 
from the central region to one end. For practical ratios 
of girder to cable stiffness, the maximum bending action 
will remain in the region of the centre of the loaded 
length. Adopting. this as a rough guide, we have for 
the two loaded lengths considered : 

a= 0, c= 580ft., M at x = 300 is 15,500 tons/ft, 

a = 0, c=1,000 ft., M at x = 500 is 12,000 tons/ft 
Again the shorter loading* gives the higher figure 
of 15,500 tons/ft., which itself is higher than the figure 
of 11,000 tons/ft. when the end conditions and location 
of the loading are ignored. Bending moment curves 
for the two cases involving loading along 580 ft. of the 


_ span are shown in Fig. 3. 


For finding the maximum bending action on the 
girder, therefore, a simple approximate process appears 
to be 


*These results are consistent with the design loaded lengths 
suggested by Hardesty and Wessman.1 
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(x) determine the critical length c from the relation — 


m= —, 


(2) consider this loaded length as at one end of the 
girder and find from equation (7) the bending 
moment at x = te. 

A full exploration over the range of possible loading 
cases by equation (7) would, of course, lead to a more 
accurate result. In our example the approximate 
process has given a maximum bending moment of 
15,500 tons/ft. compared with 62,500 tons/ft. given by 
the Rankine method. 

It remains to determine the influence of the live load- 
ing on the tension in the cable. It is clear from the 
elastic foundation analogy that this will be a maximum 
when the span is fully covered. In this case, the 
reactions on the supports at the ends are?® 
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‘Snettiod te have’ taken 4 ra 
tons. 

The loading in the vertical suspension rods will at any: 
point correspond to the loading on the elastic foundation 
and will be measured by the local deflection y. The 
magnitude of y is in general given by equation (8) and 
will tend to be greatest when some central portion of 
the span only is loaded. In this. case the deflectior f 
equation (12) will give a good approximation. For a 
maximum value for the given length (a@-+ 6), a = 6 and 
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Fig. 3._-Bending moment curves, for example of S5 


which for our example gives RK = 91 tons. Thus of the 
full 1,000 tons on the girder, 182 tons are carried by its 
end supports and the remaining 816 tons by the elastic 
foundation—i.e., by the cable. The distribution of this 
loading across the span will not be uniform, and is given 
by the expression for the deflection?® for this case 


Gse{- coshn x cos >x%' + cosh rx’ cos -%) _ 
Yo =< I— =>. (16) 
coh x>L + cosiaiLl 


where x’ = L—vx. Thisis plotted for our example in 
Fig. 4 and is, in fact, not greatly different from uniform. 
Thus the maximum increase in the horizontal component 
of the cable tension will be given approximately by 
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where q’ —— = .408 tons per ft. This gives H = 
2000 


1,020 tons as the maximum live load addition to the 
tension of 2,500 tons due to the dead load. The Rankine 
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This very convenient general expression gives a maxi- 
mum loading on the rods of kyo = .678 g tons per ft. of 
girder ; thus in our case, the maximum loading on the 
rods, if spaced at 40 ft. intervals, would be .678 x 4 x 
40 = 13.5 tons each. 

Were the Rankine method to be applied to this 
problem, we might consider a central length of the span: 


‘covered and note that, if g’’ is the uniform upward force 


per ft. run supplied by the rods over the whole span 
q’ L = ge, 3 : 


whence it is clear that g’ will be greatest when the 
whole span is covered (c = L). In that case q’” = q, 
and for 40 ft. spacing of the rods the load would be 
4 xX 40 = 20 tons each. 

It will be noted in general that whereas the Rankine 
method gravely overestimates the girder bending 
moments, it does not so seriously overestimate the cable. 
and suspension rod tensions. : 


S6 Flexural Vibrations 


By way of a tailpiece to the foregoing development 
and application of the elastic foundation analogy, it is 
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redicting the natural frequencies of a suspension bridge 
tructure. The difficulties in this problem arise from 
ne fact that no precise explicit expression is known for 
he natural frequencies of a suspension cable!?, and that 
hese frequencies correspond to modes that are not 
laturally linked with those of a simple beam. 

‘The flexural frequencies of a beam with hinged ends 
nd resting throughout its length on an elastic foundation 
£ modulus & are given! by 
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These results may be compared with the expressions 
deduced by the author® from Steinman’s approximate 
formula 
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Fig. 4.—Distribution of vertical deflection, for example of S5 


Rewriting this expression for : in terms of the natural 
Trequency i, we have 


nif* y 1 + 74 = 


w 
a. — (where « was chosen as 20 for 
d ‘s 
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our static applications of the analogy) and R = a 
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his becomes 
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Bence (noting that 7 = 1 is inadmissible as it corres- 
ponds to a mode depending essentially upon extensions 
4 the eel for the first three natural modes we have 


e oes tgs 
== 0% ZI a/ Vie <b 62071 os an. See) 
ad 


It will be seen at once that our analogy has given the 
same form of expression as the other approximate 
analysis, and almost precisely the same result for the 
particular frequency n’’’, for with « = 20, equation (23) 
gives 
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but a constant value of « is incapable of giving an equal 
degree of accuracy for all modes. This is partly because — 
of the empirical nature of the choice of a value for «, 
but more fundamentally because of a peculiar property 
of the “elastic foundation’”’ itself. This idealised 
foundation, as a matter of definition, is such that a 
deformation in one region has no influence upon that in 
another (due to the absence of shear stiffness in the 
idealised foundation, which can be represented by a 
series of. separate vertical springs), and as a result the 
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energy stored in the foundation by a given sinusoidal 


deformation varies at the amplitude of the deformation 

but is independent of its wave length. It is this peculiar 
/ & 

property that renders the constant — in equations (21), 
2m 

(22) and (23) invariant with z and so limits the generality 

of the analogy in this application. 
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By W. Eastwood, B.Eng., Ph.D., A.M.I-Struct.E. : 


Synopsis 

The paper discusses previous work concerned with 
vibrations in foundations and then describes two 
investigations by the author concerned with model 
foundations on sand. 

The first of these was intended to provide information 
concerning the various factors which affect the natural 
frequency of vertical vibration. Besides testing footings 
of different shapes and sizes subject to various intensities 
of dead loading, the effect of inundating the foundation 
has been studied and also the effect of a layer of more 
rigid strata at different depths beneath the footing. 

In the second investigation the foundations were 
subjected to controlled forced vibrations. The effect 
of these vibrations on the settlement and ultimate load 
of footings of different shapes and sizes has been 
measured. Some of the tests were repeated with the 
footings inundated. 


Historical 


Vibrations in foundations may be due to either one 
of two causes. They may be caused by a train of waves 
passing through the ground, or they may be set up by 
fluctuating loading on the foundation itself. 

Trains of waves passing through the ground.may be 
generated by some natural phenomenon such as an earth- 
quake, or may be man-made. 
latter are ground vibrations due to blasting, piling, or 
detonation of bombs, all of which have been investigated 
in recent years. 

Ground vibrations due to blasting have been investi- 
_ gated by the U.S. Bureau of Mines’. Broadly speaking, 
the conclusions regarding the effects of vibrations on 
structures were that minor damage such as _ plaster 
cracking could be expected if the maximum acceleration 

nents’ 
during a cycle of vibration exceeded — g, whilst 
5 ce) 
major structural damage might be expected if the 
acceleration was in excess of g. But in a-more recent 


\ 


Typical instances of the 


paper, Crandell? maintains that acceleration is not the 
only criterion of the severity of vibration. He ne 
that a quantity which he calls the “ Energy Ratio ” 
more critical. The Energy Ratio is defined as 


(Acceleration)? 


—— 


(Cycles per second)? 


and he states that if the ratio is less than 3 (ft. sec. unitd 
there should be no damage, but if the value is in the 
region of 10 there may be considerable damage, particu- 
larly to brickwork. Crandell’s criterion certainly appears 
to be more correct than that of the Bureau of Mines at 
low frequencies. He quotes the instance of an earth- 
quake in which the maximum acceleration was 3 ft. per 
sec. with a frequency of 1 cycle per sec. The accelera- 
tion was less than the Bureau of Mines lower limit of 
I 
— g, and yet considerable damage was caused to struc: 
10 
tures, particularly brick ones. The Energy Ratio a 
g agrees with Crandell’s value of ro for considerable 
damage. 

In connection with blasting, Crandell showed that the 
Energy Ratio of a train of vibrations caused by blasting 
could be obtained in advance by use of the formula 


50 
Energy Ratio = e 2C 2k 4 
D 


where D is the distance from the charge C lb. of 
explosives. The constant A would have to be obtained 
in advance for any particular locality by measurement. 

Trains of waves due to blasting have been used for 
some time, of course, in ground exploration. Shepard 
and Haines* have reported a survey of the different 
strata, together with an estimate of their properties, in 
the region of the St. Laurence River Project, seismic 
type recorders being used to pick up the waves at 
different distances from an explosive charge.  - | 
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7ibrations in foundations due to a train of wayes 
ving horizontally .through the ground are not, 
vever, the main concern of this paper. The experi- 
ats described later were all concerned with vertical 
rations of the foundation, generated either by a single 
w resulting in free oscillations, or by a continuously 
plied sinusoidal force giving forced oscillations. 
rations generated in one of these two ways are the 
ss most commonly found in practice. 
n studying the effects of vibrations on a foundation 
‘re are really two separate problems. The first of 
'se is to determine the factors which effect the natural 
quency of oscillation, since, unless the vibratory force 
applied at a frequency sufficiently near the natural 
2 to give resonance, the oscillations are unlikely to 
come very exuberant. The second problem is to 
imate the effect on the settlement and ultimate load 
the foundations if the vibrations are built up by 
sonance. 
The factors which affect the natural frequency may 
‘lude the shape of the foundation, its dimensions, the 
\d which it is carrying, and, of course, the soil proper- 
s. Some attempt has already been made to examine 
> effects of these factors by various investigators. 
In the period 1928 to 1939, Degebo (Deutsche Gesell- 
aft fur Bodenmechanik) experimented with an 
ctrically driven oscillator which was mounted on 
her of two baseplates. The baseplate most frequently 
sd was I sq. metre in area and the combined weight 
the plate plus the vibrator 1540 kilo, The other base- 
ite was 0.25 sq. metres in area and gave a total weight 
1356 kilo. The vibrating mechanism could be driven 
any speed up to 1875 cycles per minute with a maxi- 
1m out of balance force of 1200 kilo. Tests were made 
all kinds of soil, peat, clay, sand, gravel, and also on 
idstone, but unfortunately no attempt appears to 
ve been made to measure such important factors as 
> density and moisture content of the soil. Nor does 
y attempt appear to have been made to measure 
> thickness of the soil layer and to identify the under- 
ng material. It is probable that considerable varia- 
n in the results would occur because of the variation 
these factors from one site to another, and even from 
y to day on the same site. 
Some of the conclusions of Degebo now seem to be 
justified in the light of later knowledge. For example, 
» following quotation is taken from the British 
nistry of Works translation of a paper by Hertwig, 
uh and Lorenz* describing the variation of resonant 
quency with the dimensions of the foundation : 
,. . It can be stated with certainty that the value 
the resonant frequency) increases with the increase 
the surface at a constant centrifugal force. This 
Tease is understandable, since the increase of the 
‘face of the base means supporting the mass point by a 
onger, stiffer foundation. If the foundation is 
isidered to be a spring, an increase, of the base 
responds to a stiffening of the spring...’ It is 
ll-known nowadays that in a static plate bearing test 
: stiffness of the soil measured as a load per unit area 
- unit of deflection, decreases as the plate diameter 
reases. Exactly the same happens under dynamic 
lections, as will be seen later, so that a higher 
quency should have been obtained with Degebo’s small 
ite than with the big one. The probable explanation 
their result is that the small plate had an applied 
id load oscillating with it almost four times as great 
unit area as that on the large plate, thus very much 
lucing the natural frequency. 
Despite the above criticism of the design of Degebo’s 
eriments and some of the conclusions arrived at, the 
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author appreciates the great value of its work in estab- 
lishing that there was such a thing as a natural frequency, 
and for realising that the whole problem could be tackled 
in a scientific way. 

Whilst the Degebo tests were being carried out the 
Institute for Engineering Foundation Research ( ‘Vios ’) 
were doing similar tests in Russia®, The foundations 
used were quite large, having base areas of 2, 4 and 8 
square metres respectively. The main object in analys- 
ing the results appears to have been to see if the modulus 
of subgrade reaction could be obtained dynamically. 
When making the calculations it seems to have been 
assumed that the mass of the soil vibrating with the 
foundation was small compared with the mass of the 
foundation itself and it was therefore neglected. In- 
directly, however, it was concluded that the mass of the 
soil could not be neglected and that its value must lie 
between two-thirds and one and a half times that of the 
foundation. This was very much less than the value 
estimated by Degebo who had reported that it was 
between four and ten times that of the vibrator, depend- 
ing, so they said, on the vibratory force. 

This discrepancy between the two values for the 
effective mass of the earth is an important one since the 
natural frequency is very much dependent on it. Assum- 
ing that the foundation ground system is analogous to 
the spring-mass system shown in Fig. 1a, the natural 
frequency of oscillation is given by p/2~ where 

F 


M: 
F being the stiffness of the spring, and M; the vibrating 
mass. If, however, the spring is assumed to have a 


(2) (b) 


Fig. 1.—Mass supported by springs of (a) negligible 
weight, and (b) considerable weight 


mass as in Fig. rb, then the natural frequency is reduced. 
This reduced frequency can be calculated by exact 
analysis but a fairly close approximation is obtained by 
assuming that the spring has an effective mass Ms 
concentrated with M;. (Note that the effective mass Ms 
is not the actual mass of the spring.). The frequency is 


now given by 
7a 


PP = Bae 
M,+ Ms; 

Now it will be seen that if Ms is large compared with 
M; in the foundation ground system changes in M; will 
have little effect on the frequency. The relative value 
of M; and Ms is obviously one of the things on which 
more information is needed, therefore. As will be shown 
later, the difference between the magnitudes of M; 
reported by Vios and Degebo was probably due to the 
fact that F is not constant in the case of a foundation. 
Indeed, using the same method of obtaining M; as was 
used by Degebo and Vios has given a negative value of 
M; in certain of the author’s tests. 

Andrews and Crockett®, and Crockett and Hammond? 
have also made measurements of natural frequencies, 
using a-vibrograph to pick up the oscillations in the 
vicinity of large hammers. These frequencies are 
roughly the same order as those reported by Degebo 
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for any particular type of soil. Crockett and Hammond 
also state that for any particular type of ground they 
got the same natural frequency irrespective of the size 
of the foundation, the largest tested having an area of 
2,500 sq. ft. It is difficult to put a true interpretation 
on this statement, however. For various reasons it 
does not seem logical that all foundations whatever their 
size and weight should have the same natural frequency. 
For example it would be necessary that the spring 
stiffness of the ground in lb. per sq. in. per in. of deflection 
would have to be constant for all foundation widths. That 
this can be so is very unlikely, since the soil must behave 
at least partially like an elastic mass to set up oscilla- 
tions, and as is well-known, a foundation on an elastic 
mass stresses soil to a depth proportional to the founda- 
tion width. This would cause the spring stiffness per 
unit area to decrease as the foundation size increased. 
In addition, if a very narrow foundation is considered, 
it would be necessary for the effective mass of soil 
vibrating with it to be very large if the natural frequency 
were to remain constant whether the footing were loaded 
with 3 ton per sq. ft. or were virtually unloaded. This 
would mean that the soil must be highly stressed to a 
depth many times the width of the foundation which 
is contrary to common knowledge. It seems, therefore, 
that in Crockett and Hammond’s tests the relation 
between the weight of the foundation and its width had 
quite fortuitously varied from one foundation to another 
in such a way that they gave roughlythe same frequency. 
It should be pointed out in fairness to Crockett and 
Hammond that they were merely reporting what they 
had observed, and were not claiming that it was of 
necessity always true. It is, however, necessary that 
its universal truth should be tested as soon as possible, 
and this has been done on the model scale in the tests 
described later. ‘ 

One interesting fact which was brought to light by 
Crockett and Hammond is that resonance can occur at 
harmonics or even sub-harmonics. They report, how- 
ever, that resonance could not be obtained at all the 
frequencies peculiar to one site on any particular day. 


It appeared that the presence of these harmonics was 
probably dependent on changes in the moisture content 
and hence of the elastic properties of the ground. Even 
when present the harmonics were not nearly so pro- 
nounced as the fundamental. 

There has been little attempt to develop an analysis 
which would enable the natural frequency of vibration 
to be calculated in advance. One difficulty in developing 
such a theory is the one common to many soil mechanics 
problems, that the soil cannot be assumed to behave 
perfectly elastically. But Degebo, Vios, and Crockett 
and Hammond have all agreed that the mass of soil 
which vibrates with the foundation must bear some 
relation to the bulb of stress (see Fig. 2) which gives the 
stress distribution under a uniformly loaded area on an 
elastic medium. None of them have stated what that 
relation is. Indeed, as mentioned earlier, estimates of 
the mass of the vibrating soil relative to the mass of the 
foundation given by Degebo differ greatly from those 
given by Vios. 

As far as the spring stiffness of the ground is concerned, 
none of the previous investigators has suggested a 
method of calculating it from first principles, although 
it has been inferred that it too must depend on the bulb 
of stress. 

Two analytical methods of approach have been 
suggested, however, which are of interest. Tschebo- 
tarioff and Ward® have suggested that there is a logar- 
ithmic relation between the area of any foundation and 
what they call the “ reduced natural frequency.” The 
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standard formula relating the frequency of a sp in 
born mass to the spring stiffness was quoted earlier) 
the form ; q 


where the frequency is p/2z = N say. 
The formula can also be written 
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and if M is replaced by , where W, is the weigl 
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of the foundation, plus the equivalent mass @ 


& 
the vibrating soil we get 
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Fig. 2.—Vertical stresses under circular loaded 
area on an elastic media 


The stiffness F of the ground can be replaced by ké 
where f is the stiffness per unit area and A is the area 
the formula then becoming 
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divided by its area. Thus at one ton per sq. ft. th 
frequency would be 
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where N; is what Tschebotarioff calls the ‘‘ reducec 
natural frequency.”” The value of N; can be obtainec 
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“any particular foundation the natural frequency of 
ich is known from the equation 


Ne = woN 


Tschebotarioff worked out values of N; from this 
uation using the published results of Vios, Degebo and 
hers, and also the results of some tests which he 
mself carried out in a Californian bearing ratio test 
ould (these tests are described later) and plotted them 
vainst the area of the foundation on logarithmic paper. 
e claims that the results lie nearly enough on a straight 
1e, but actually the points are anything up to 100 per 
mt. high or 50 per cent. low, the errors being masked 
y the logarithmic scale. This would be expected, 
»wever, when it is considered that some of the points 
‘fer to piled foundations, and others to tests in a very 
nall mould. 

There are other possible criticisms of this piece of 
ork in the opinion of the author. 

First, the reduced natural frequency is much more 
kely to depend on the width of the foundation than 
n its area. For example, the author’s tests described 
iter show that for the same applied load per unit area 
1e natural frequency of a 12 in. by 3 in. model footing 
the same as that for a 24 in. by 3 in. model footing. 
hus, they will also have the same reduced natural 
equency even though the area of one is twice that of 
ve other. It is suggested, therefore, that in Tsche- 
otarioff’s graph the reduced natural frequency should 
e plotted against the least dimension of the footing. 

Further, referring to equation (iii), it will be seen that 
1 order to obtain the same value for N; for a given 
yundation, whatever the applied load, the expression 


W: 
just be_constant. This means that either Ws; must 
ycrease at exactly the same rate as W; or alternatively 
nat Ws is always negligible compared with W:. The 
itter is impossible (consider for example the case of an 


Youngs modulus 


Suppor hing column 


Fig. 3.—Professor Christopherson’s assumed variation 
with depth of Young’s modulus of supporting column 
of soil 


xtremely lightly loaded foundation consisting of 
othing more than a slab) and the former extremely 
nlikely. 

It seems to the author that computation of further Nr 
alues as more data becomes available is unlikely to 
how a definite relation between N; and either the 
sundation area or the foundation width. 

A more promising analytical approach has been 
uggested by Prof. Christopherson in the discussion on 
he paper by Crockett and Hammond. He makes a 
asic assumption that Young’s modulus for the ground 
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increases linearly with depth, the value being EZ, at the 
surface, 2H, at depth b, 3E, at depth 2b and so on. 
The foundation is assumed to be supported by a column 
of earth as shown in Fig. 3. In actual fact the soil on 
either side of the column will vibrate, but he assumes 
that this soil will increase both the vibrating mass and 
the stiffness of the spring so that its total effect on the 
frequencies may be negligible. He then shows that the 
soil can vibrate internally with any one of a number of 


Bearing power - rons per sq fr. 


Angle of internal friction - degrees 


Fig. 4.—Variation of bearing power with angle of 
internal friction for 6-in. wide footing on sand accord- 
ing to Terzaghi and Prandtl 


frequencies (damping being ignored). For a foundation 
which can be assumed to have negligible weight they 
fall into two series as follows :— 
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The possibility of there being several natural fre- 
quencies agrees with the findings of Crockett and 
Hammond. It is probable that rainfall or changes of 
temperature caused a variation with depth in Young’s 
modulus for the sites concerned, thus conforming with 
Professor Christopherson’s basic assumption. 

When a foundation weight is applied to the surface, 
Professor Christopherson’s analysis still gives a series 
of frequencies, but the numerical values depend on the 
foundation weight, and have to be calculated from 
tabulated values of Bessel functions. 

Unfortunately, Professor Christopherson’s theory gives 
frequencies which are independent of the foundation 
size. As will be seen from the experimental results 
given later in the paper, this is not in accordance with 
observed phenomena, at least for model foundations. 

His fundamental assumption that Young’s modulus 
increases uniformly with depth is also unlikely to hold 
except in the case of a thick bed of consolidated clay. 
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Turning now to the problem of the effects of vibration 
on the settlement and ultimate load of foundations, it 
appears that very little research has been done. One 
investigation concerned with the Californian bearing 
ratio test, carried out by Tschebotarioff and McAlpin® 
is of interest. When applying pavement design methods 
to hardstandings for aircraft it is quite usual to increase 
the design thickness by some arbitrary figure between 
20 and 50 per cent. This is necessary because it is 
found that the vibratory loading caused by stationary 
aircraft when warming up is more likely to cause failure 
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Fig. 5.—Sand box and loading frame showing arrange- 
ment for forced vibration tests 
[Erratum: For ‘proving point” above read ‘‘proving ring.’’] 


of the pavement than the wheel loads of the same 
aircraft when landing and taking off. The actual 
magnitude of the vibratory forces is not large. R. K. 
Bernhard measured these forces for Tschebotarioff and 
found that for most aircraft they were generally between 
I and 2 per cent. of the static wheel load. Occasionally 
they might reach 4 or 5 per cent. if resonant vibrations 
were occurring in the whole aircraft frame, this condition 
usually being obtained at engine speeds rather lower 
than the normal warm-up speed. In addition, the 
mean wheel load is reduced by about 15 per cent. during 
~ warm-up by the action of the slip stream on the under- 
side of the wings. -It appears, therefore, that 85 per 
cent. of the normal static load with a superimposed 
vibratory load of plus or minus 1-2 per cent. has more 
effect on the pavement stability than the full static load 
alone. 

The purpose of Tschebotarioff’s experiments was to 
see whether the various pavement design methods could 
be modified to include the effects of vibratory loads. He 
built a special version of the C.B.R. apparatus in which 
the plunger was subjected to dead loading plus the 
fluctuating load generated by a vibrator. As the 
plunger was acting on soil in a relatively small mould, 
the results of his tests will give no direct indication of the 
behaviour of an actual foundation, but they are useful in 
indicating the manner in which vibration can increase 
settlement. 

On a well-graded sand it was found that reducing the 
dead load by 15 per cent. and then superposing a vibra- 
tory load of -+ 2 per cent. gave approximately 15 per 
cent. higher penetrations of the plunger. In a repeat 
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teat on a . poorly ee and of low density ie pene, 
tration was increased by 140 per cent, Varying thé 
frequency of vibration had little effect provided thé 
total number of repetitions was the same. On a clay 
soul, however, the plunger penetration was sensib 
constant whether vibratory loading was used or not. 

Some tests were also’carried out in which the supe 
posed vibratory force was said to be + 25 per cent. @ 
the static load. As would be expected, the penetration 
of the plunger into the sand was very much increased 
It appears, however, that the dead load on the plunger 
had quite a considerable amplitude of vibration more 
or less in phase with the oscillating force from the 
vibrator. Measurements were not taken of this amplr 
tude of vibration, but if it were only say 0.001 in. at 
3000 cycles per minute the inertia force of the dead 
load would amount to + 25 per cent. of its own weight, 
If this were in phase with the force from the vibratot 
the variation would therefore be + 50 per cent., not 
+25 per cent. as stated by Tschebotarioff. 

Despite the doubts about their quantitative value, 
and the fact that his tests were not concerned with ar 
actual foundation, Tschebotarioff’s results do indicate 
that vibrations can be tremendously important in the 
case of foundations on sand, but are not so important 
in the case of clays. 

Evidence of the settlement caused by vibratory 
loading on sands has also been provided by compaction 
tests made at the Road Research Laboratory of the 
D.S.I.R. Certain types of vibrating rollers and vibrating 
plates have been shown to give good compaction of 
sandy soils. Again, however, the magnitude of the 
vibratory force is not known, since the amplitude of 
the roller or plate and hence its inertia force was not 
measured (as.far as is known to the author). 

Regarding the ultimate load-of the foundation, it 
might be expected that for footings on sand the value 
would be very much reduced by vibration. It is well- 
known that slight vibration of a shear-box apparatus 
gives reduced values for the angle of internal friction 
and, according to the usually accepted theories, a change 
of 1° may cause a 20 per cent. reduction in the ultimate 
load of a footing (see Fig. 4). No actual measurements 
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Fig. 6.—Detail of rubber mounting for loading beam 


of the reduction in bearing power under controlled 
vibrations appear to have been made Py previous 
investigators. 


Aims of Present Investigation 


From the foregoing it will be seen that information is 
needed on many points concerning both the factors 
which affect the natural frequency, and also the effect 
of vibration on the settlement and ultimate load of 
foundations. 
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Concerning the natural frequency some of the more 
portant unknowns are 
(i) What is the effective mass of earth which may be 
| said to vibrate with the foundation ? 
(ii) How is the “spring stiffness”’ of the ground 
affected by the size of the foundation ? 
(iii) How is the spring stiffness affected by the shape 
of the foundation ? 
(iv) How are the answers to the above questions 
affected by inundation ? 
(v) What is the effect of a rigid layer of rock at 
different depths on the natural frequency ? 
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(described later). It was fond that for footings up to 
IO in. square, 10 in, diameter, and up to 24 in. X 6 in. in 
the case of rectangles, the box sides seemed to have 
negligible effect. The reflection from the box sides was 
extremely small and could only be detected an inch or 
two from the box edge. According to the usual mathe- 
matical theories, reflection should have been quite high 
for waves travelling from sand to wood. The low 
reflection must have been due to the 0.25 in. thick 
bituminous sheet lining, which was inserted to keep the 
box watertight, absorbing the energy. A check was 
also made that when using circular foundations the 
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Fig. 7.—Diagram illustrating seismic type pick-up and circuit 


Regarding the settlement and the reduction of ultimate 
1d under the influence of vibration, information is 
quired on the following points, amongst others. 

(i) For a vibration of a given amplitude, is there 
any particular frequency at which settlement is 
accelerated and/or the ultimate load markedly 
reduced ? 

(ii)How does settlement increase with time for a 

given vibration, the footing load being kept 
constant at some fraction of the static ultimate 
load ? 
(iii) Does the number of repetitions of the vibration 
affect the ultimate load ? 
(iv) How are the answers to the above questions 
affected if the footing is inundated ? 
The object of the experiments hereafter described 
is to give some indication, at least, what the answer 
each of the above questions might be with particular 
ference to foundations on sand. A sandy soil was 
osen, not because foundation experiments are easier 
carry out on sand than on clay, but because it is 
nerally accepted that vibrations have more effect on 
ndy soils than on clays. 
The author wishes to emphasise that, in general, 
periments on model foundations can be no more than 
dicative in a qualitive sense of what happens in full- 
ale foundations. Since all his tests have been on 
odels the results cannot be interpreted properly until 
ey have been supplemented by some full-scale tests. 
avertheless, the fact that the present investigation has 
en confined to models needs no defence, since the 
rrying out of a similar programme of tests on a full 
ale would be very expensive. 


Apparatus Used in the Investigation 


All the model tests were made on a box of sand in the 
oratory. 

It was obviously essential that the sides of the box 
ust not interfere in any way with the modes of vibra- 
mm. of the footings. There was no means of predicting 
advance what the ratio of the size of the box to that 
the footing should be to satisfy this condition. Accord- 
gly, a box approximately 4 ft. x 4 ft. x 4 ft, was 
cided upon, the maximum permissible size of the 
otings to be found as a result of tests. Various sizes 
model footing were set in oscillation and the waves 
diating outwards were picked up at various distances 
om the footing ESiPe a seismic type vibration pick-up 


decay of the waves was the same whether it was measured 
in a direct line to the side of the box or along a diagonal. 


It was apparent that, provided the experiment was 
concerned solely with the measurement of natural 
frequencies, the footing could be any size up to those 
stipulated in the paragraph above. If, however, the 
test involved loading the footing in order to measure 
either settlement or the ultimate load the size of the 
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Fig. 8.—(a) and (b). Arrangement of vibration 
pick-up and circuit diagram 


footing must be such that any permanent deformation 
of the sand would not be interfered with by the sides of 
the box. From a previous investigation?®, it was known 
that this would be so if the footings were kept below 
2A OG 4. I, 

The rectangular footings were made from lengths of 
R.S.C. of appropriate width, whilst the squares and 
circles were cut from half-inch thick steel plate, 
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For the tests in which vibrations of controlled ampli- 
tude and frequency were superposed on known dead 
loads, the footings were jacked against a loading frame 
the cross beam of which was spring mounted (see Figs. 5 
and 6). The spring mounting consisted of hard pads 
of rubber which gave a resistance to vertical movement 
of about 8 tons per inch. Vertical oscillations of this 
beam were generated by an out of balance rotating disc 
mounted as shown in the figure and belt-driven from a 
variable speed motor. The amplitude of the oscillations 


Fig. 9.—Vibration record for 6-in. diameter footing 
with 50 cycles per second time base 


was altered by adjusting the magnitude of the eccentric 
mass. 

The oscillations of the footing and the vibrations in 
the soil were picked up by means of a De Havilland 
seismic type pick-up. The impulses from this pick-up 


were amplified and then fed into a cathode ray oscillo-_ 


graph (see Fig. 7). 

For the tests in which the natural frequency of oscilla- 
tion was to be recorded the foundations were subjected 
to dead loads instead of being jacked against the loading 
frame. The oscillations were generated by striking the 
foundation a single sharp blow with a hammer and were 
picked up by the arrangement shown in Fig. 8a. Elec- 
trical resistance strain gauges were fixed on each side of a 
steel strip cantilever the encastré end of which moved 
up and down with the foundation, the free end resting 
against a stationary rod. The variations in potential 
across the gauges (see circuit in Fig. 8b) were amplified 
and fed into a cathode ray oscillograph. The trace on 
the tube was photographed together with a 50 cycles per 

‘second time signal from which the frequency was 
deduced. A typical record of the vibrations of a footing 
is shown in Fig. 9. 

A grading curve of the sand used in the tests is shown 
in Fig. 10. Very great care was taken in compacting 
the sand to ensure that the density was as near constant 
as possible throughout the box. It was placed dry in 
6 in. layers, each layer being compacted to refusal by a 
Kango electric hammer. Each batch of sand was 
carefully weighed so that after screeding off at Io in. 
below the top edge of the box the average density up 
to that level was accurately known. Because the 
electric hammer left a very disturbed surface the 
compaction of the top ro in. of sand was carried out by 
hand ramming with a rammer weighing 18 lb. and of 
60 square in. base area. This compaction was continued 
until the sand in the top Io in. was at exactly the same 
density as the sand below that level. 

After the sand had been disturbed in each test the 
top 12 in. was dug up and recompacted to exactly the 
same average density, which was 108.1 lb. per cu. ft. 
The specific gravity of the soil particles being 2.65 the 
voids ratio was 0.525 representing a fairly dense con- 

. dition, 


loads between zero and about 350 lb., so that the maxi 


In the eas series Sot tests swith the sake inundated 
was obviously desirable to have the sand at the san 
‘dry density ’’ as in the tests on dry sand. But 
place it under water to that density over the wha 
four feet of its depth would have been very difficult, § 
it was decided to leave the sand ready compacted in fl 
box and to add the water to it. The chief danger i 
this procedure was that very tiny bubbles of air migl 
be trapped in the interstices between the soil particle 
To reduce the possibility of this happening the wate 
was injected into the sand at the bottom by means of 
small diameter tube which was driven in at one corné 
It was thought that the water would be more likely f 
drive out air if it were percolating upwards rather tha 
downwards. In addition, all the water was boiled jus 
before injecting it, to expel the dissolved air. Thus, a 
the water cooled it would dissolve any tiny air bubble 
still present in the soil mass. 

The water level was maintained at about 1 in. aboy 
the soil surface in all the tests, the top 2 in. of sang 
having been scraped off before inundation. 

One difficulty in the inundated sand tests was 
recompaction of the sand to the proper density afte 
each test. It was found, however, that if the sand wer 


puddled with a spade starting at the centre and worki 7 
to the corners a fairly uniform density was obtainabl 
and, with practice, the correct density. Sometimes 
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Fig. 10.—Grading of sand used in investigation 


compaction, hollows would remain or possibly excessive 
scrapings were obtained. In these instances the sand 
was redug and recompacted. 


Measurements of the Natural Frequency of 
Vibration . 


Footings of the following sizes were tested in turn : 
Io in., 8 in., and 6 in. diameter ; Io in., 8 in., and 6 in. 
square ; 18 in. X Gli To In xX), Alt LO 3 In.) 
24 in. x 37in., and 12 in. Csr 

Tests were made on each footing with applied dead 
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m pressure on the smaller foundations was of the 
er of 0.75 ton per sq. ft. For each dead load at 
st two records were taken and in the graphed results, 
‘rred to later, each point on the graph is the mean of 
east two test results. 

\fter each footing had been tested the sand was dug 
x and recompacted to the correct density. 


Natural frequency - cycles per second 


° 200 400 600 
Dead load - Ib per sq. ft. 
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ground can be assumed constant the effective mass of 
earth which is vibrating with the foundation is very 
small. An attempt was made to calculate the magnitude 
of this mass using the equation 


Gin. diam. 
8in. diam 
tdin. diam 


soo 1,000 1200 1400 


Fig. 11.—Natural frequencies of circular footings on dry sand 


The relation between natural frequency and dead load 
st unit area for the circular footings is shown in Fig. 11. 
t low loads the frequencies differ by only a few per 
nt., but as the load is increased they diverge from 
ach other until, at loads in excess of about 200 lb. per 
y. ft., the frequency is almost inversely proportional to 
ie footing diameter. A similar tendency is apparent 
yr the squares and rectangles (see Figs. 12 and 13). 

It will be seen too that, whatever the shape or size of 
he footing, the frequency at zero loading is more or less 
he same the value always lying between 95 and I10 
ycles per second. There are two possible explanations 
f this. Assuming that the soil acts as a spring with a 
xed node at its bottom end, it might be that for low 
oads the position of this node is always the same being 
ndependent of the footing size and shape. An alter- 
ative explanation is that, with zero load at the surface, 
he soil is merely in a state of internal oscillation at its 
wn natural frequency in a similar manner to that 
uggested by Professor Christopherson. In this case, 
nstead of there being just one node, there would be a 
ries with the soil in oscillation down to a considerable 
lepth. According to the Christopherson theory, how- 
aver, the natural frequency would be the same for a 
ziven dead load per unit area whatever the size of the 

foundation, which is not borne out by the experiments. 
[t is unlikely also that his assumption of an increasing 
value for Young’s Modulus with depth is in accordance 
with the conditions in these tests. Young’s modulus 
probably would increase ‘with depth in the case of a 
consolidated clay, but it should be more or less constant 
in a bed of sand of uniform density. Since the Christo- 
pherson theory is inadmissible the first explanation 
seems the more likely. 

The rapid decrease in natural frequency with in- 
creasing load showed that if the spring stiffness of the 


e 


If the spring stiffness F is assumed constant then the 
value of the product 


Pp (Ms + M:) 


must also be constant. For any two measured values 
of p the values of M;, the mass of the foundation,- are 


Natural frequency -cycles per second 


p=8ih *« 81n 
x<lOin x 1010 
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Dead load —- 'b per sq. fr 
Fig. 12._Natural frequencies of square footings on dry 
sand ; 


known and equating the two values of the product gives 
a value for Ms, the effective mass of the soil. 

Using the results of the test with the lowest loading in 
conjunction with the results of the test with next lowest 
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loading, then the next pair of test results and so on, gave 
the variation of Ms with the superposed load. The 
resulting values were graphed, a typical graph being 
as in Fig. 14, from which it will be seen that as the 
superposed dead load increases the calculated value of 
Ms becomes negative. The explanation is, of course, 
that the stiffness F is not constant but probably de- 
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Fig. 13.— Natural frequencies for rectangles of different 
widths on dry sand 


creases as more dead load is applied. Repeating the 
calculations showed that if F decreased only slightly 
with each increment of load the calculated value of M/s; 
became positive. 


This variation in the calculated value of Ms; explains 
why Vios and Degebo disagreed so widely in their 
estimates of the ratio of Ms; to M:, and shows that it is 
probably quite impossible to obtain a reliable value of 
Min this way, even from full-scale test results. 

The conclusion of Degebo that the resonant frequency 
increases with the size of the plate is also shown to be 
fallacious. Most investigators have accepted that this 
is so in recent years. The approximately hyperbolic 


variation with plate size obtained in the model tests - 


may not be valid, however, for large foundations. 
Ordinary plate bearing tests indicate that, whilst the 
modulus of subgrade reaction varies more or less inversely 
with the plate size for small plates, the variation is not 
nearly so pronounced for large plates. 


The two cases are not of course exactly analogous 
since in the plate bearing tests much of the deformation 
is plastic whilst the deformations under vibration must 
be largely elastic, but fairly similar behaviour is highly 
probable. 


When considering the extrapolation of the model 
results to full scale it has to be borne in mind that the 
ratio of the dead load on the foundation to that of the 
soil which vibrates with it should be the same in model 
and prototype. Thus, assuming that the deformations 
in the ground are geometrically similar, the dead load 
per unit area should be scaled down proportionally to 
the footing width. For similarity with a foundation 
10 ft. wide carrying 3 ton per sq. ft., the appropriate 
load for a 6 in. wide model would be only 3/20 ton per 
sq. ft., therefore, and smaller still for narrower models. 
Referring to Figs. 11, 12 and 13, it will be seen that such 
loads are rather below those at which the ground weight 


‘frequency for rectangles of the same width, Fig. 3 
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is so negligible that the frequency-plate size ae 
is roughly hyperbolic. 

With regard to the effect of length on the natur 


shows the results of the tests on 12 in. X 3 in., 18 in. 
3 in., and 24 in. x 3 in. footings superposed. It 
apparent that the curves for the three footings a 
almost coincident, and it seems that for long narro 
rectangles the frequency is unaffected by a change 
length provided the load per unit area is kept constan 
But the 6 in. square gave higher frequencies than tI 
18 in. x 6 in. footing (see Figs. 12 and 13). 7 

A comparison of the results for the 6 in. diameter an 
6 in. square results is given in Fig. 16. Except at lo 
loads the square gave lower frequencies than the cire 
for a given pressure, and it appears that a circle ma 
behave more like a square of the same mean widt 
rather than the same actual width. A similar tendeneé 
though not so pronounced was found with the 8 in. an 
Io in, diameter squares and circles. ; 

One feature of the results which is perhaps surprisin 
is the relatively low damping. Examination of th 
records showed that the ratio of successive amplitude 
for the unloaded footings was as high as 0.95 when th 
amplitude was 0.0002 in. Damping is non-line 
however, and in one case the ratio of successive ampl 
tudes was as low as 0.4 when the amplitude was 0.001 ii 
(see Fig. 17 from which the variation in damping 
quite apparent). With heavy loads on the footing tk 
vibrations were not damped nearly so rapidly since t 


wd - Ib. 


Be 
6 


t of vibrotin ro 
hing 
NN 
a 


h 
a 
a 
co 


+ 
mr 
a 


Calculated effective wei 


° 50 100 160 200 ~— 250 
Appled dead toad — 1b 


Fig. 14.—Calculated mass of soil vibrating with 12-in. 
x 3-in. footing subject to various dead loads on dry 
sand 


total kinetic energy of the system is higher and th 
velocity generally lower. 


As was pointed out by Crockett and Hammond th 
non-linearity of the damping was apparent from th 
Degebo results. When forcing the vibrations with ; 
vibrator, measurements of amplitude were taken fo 
various speeds, a graph similar to that in Fig. 18 bein, 
obtained. The axis of the peak is tipped over insteai 
of being vertical as it is when damping is linear. 


The effect. of inundating the foundation was next 
onsidered. It was expected that the vibrations might 
ve much more highly damped, since the viscous: losses 
n forcing the water from between the soil particles and 
lrawing it back again during each cycle of vibration 
hould be very high. 
sound plus water would be greater than that of. the 


»y inundation. as 
The fact that the effective mass of the ground is 
ncreased by inundation has been missed by some 


»bservers who have considered the buoyancy rather 


too 
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- Fig. 15.— Natural frequencies of 3-in. wide footings of 
different lengths (dry sand) 


han the inertia effects. For example, Tschebotarioff® 
1as reported the case of a pumping station in. which 
he compressors set up resonant vibrations of their 
oundations at the operating speed of 300 c.p.m. The 
water table was very close to the ground surface at that 
ime. In an attempt to get rid of the trouble, the water 
evel was artificially lowered by a few feet and the 
vibrations ceased. Tschebotarioff estimated that lower- 
ng the water table had increased the effective mass of 
he vibrating system by 7 per cent., and that this had 
een sufficient to alter the resonant frequency. In 
ictual fact, lowering of the water table would reduce 
he effective mass. 


The method of inundating the sand for the present 
ests has been described earlier. Measurement of the 
jatural frequencies was carried out exactly as for dry 
and. The measured frequencies are plotted against 
he applied dead load in Figs. 19, 20 and 21. 


‘It will be seen that the natural frequencies at low 
oads are all considerably smaller than the corresponding 
mes on dry sand. At zero loading the frequencies lie 
yetween 50 and 60 cycles per second as against 95-110 on 
ry sand. As in the case of dry sand the frequency at 
ero loading varies only slightly with footing size. 
(nother similarity with the results for dry sand is that 
or load intensities above about 400 lb. per sq. ft. the 
requencies are almost inversely proportional to footing 
ize. But the frequency does not tend to drop nearly 
© rapidly with increasing load as it does in the case of 
ootings on dry sand (see the comparison of the results 
or aizin. X 3 in. footing in Fig. 22). 

The lower frequencies, particularly at low loads, might 
yossibly be due in part to the increased inertia of the 
‘round because of the presence of the water. This 
vould also be compatible with the fact that in tests 


a 


4 -) 
i. ® 


In addition, the total mass of the © 


round alone so that the frequency should be lowered - 


OL 


zis involving high loads, in which the effect of the increased 


ground weight would be relatively small, the frequencies. 


_ obtained on inundated sand are only slightly less than 


those for dry sand. 


Alternatively, it might be that the presence of the 
relatively incompressible water makes the soil behave 
much more like a solid elastic mass. The depth to 
which the ground is strained during a cycle of vibration 
would be greater, therefore, particularly at low loads. 
This would reduce the spring stiffness of the ground and 
increase the total inertia, thus accounting for the lower 
frequencies. At higher loads on dry sand the depth of 
penetration of stress had appeared to be more like that 
in a purely elastic medium so that the similar frequencies 
when dry and inundated would be expected. The 
slight difference could be attributed to the extra inertia 
of the water. 


It is probable that both the above factors play a part 
in producing the lower frequencies at low loads. © 


Although at pressures above 1000 lb. per sq. ft. the 
frequencies were not much lower for the inundated sand 
than for the dry sand, it must not be inferred that for 
full-scale foundations, with pressures well above this 
figure, there would be little difference. As was pointed 
out earlier when discussing the results for dry sand, the 


_ pressures on the models which correspond with those 


on the full scale are of the order 100-600 Ib. per sq. ft. 
Thus it is probable that there will be considerable 
differences between the natural frequencies of full-scale 
foundations on dry and inundated sand. 
“An attempt was again made to calculate the effective 
mass of the soil vibrating with the foundation using the 
same technique as for dry sand. The results were again 
meaningless (see Fig. 23) negative values being obtained 
for certain loads. Despite the ground behaving more 
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Fig. 16.—Comparison of results for 6-in. square and 
6-in. diameter footings on dry sand 


elastically when inundated, it is apparent that the 
stiffness still cannot be assumed independent of load. 


As in the case of dry sand the natural frequency of 
long rectangles does not appear to be affected much by 
changes in length (see Fig. 24). But, just as for dry 
sand, a square gives higher frequencies than a long 
rectangle of the same width (see Fig. 25). Unlike the 
test results on dry sand, squares gave higher frequencies 


ee 
than circles (see Fig. 26). 
is offered. 


Damping was surprisingly low, and seemed to be less 

if anything than that for dry sand. It seems quite 

- certain that the water does not move in and out of the 

interstices during a cycle, and for this reason relative 

movement between the soil particles and hence friction 

losses are probably less per unit volume of ground. This 

agrees with the finding described later in the paper that 

damping is very much less for forced vibrations when 
the foundation is inundated. 


At this stage it was thought that some knowledge of 
the depth to which the soil vibrates might be obtained 
if a rigid boundary were introduced at different depths 
beneath the footing. Such tests would also indicate 
the manner in which the natural frequency is affected 
by the presence of rock strata beneath the soil on which 
the footing is founded. 


No explanation of this fact 
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Fig. 17.—Vibration record showing variation in 
damping 


A steel plate ? in. thick was used to simulate the solid 
boundary. Before inserting it, the top Io in. of sand 
was scraped off, and the surface thus formed was care- 
fully screeded. The plate was lowered on to this 
surface and hammered to ensure perfect bedding. All 
the sand which had been taken out of the box except 
for a volume equal to the volume of the plate was then 
replaced and recompacted to the original density. 


The natural frequency was now found for a 6 in. 
diameter footing in the usual way, using various dead 
loads. One inch of sand was then scraped off, the 
footing replaced, and the natural frequencies again 
measured. This was repeated until there was only two 
inches of sand between the footing and the bed plate. . 


The frequencies obtained for various loads with 
different thicknesses of sand between the foundation 
and the steel plate are shown in Fig. 27. 


The most remarkable feature of these results is that for 
any particular dead load the natural frequency was 
almost constant whatever the thickness of the supporting 
sand. It appears that within very wide limits the 
presence of a layer of rock underlying the sand has very 
little effect on the natural frequency. The author is 
unable to explain why this should be so. It would be 
reasonable to expect that shortening the length of the 
soil “‘spring’”’ under the foundation thus increasing 
its stiffness would give higher frequencies. It may 
be, of course, that this would in fact have happened if 
the sand had been dry, and it is intended to repeat these 
tests at a later date using dry sand. 


The Effects of Vibration on Settlement and 
Ultimate Load 
- As mentioned in the section of the paper describing 
the apparatus the vibrations were generated by an 


_ there was a critical frequency of vibration at which the 
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eccentric rotating disc mounted on a loading beam 
with flexible supports. The static load on the footing 
was obtained by jacking against the loading beam and 
the vibrations were transmitted through the jack te 
the footing, the amplitude of vibration being measured 
on the footing itself using the De Havilland pick-up. 


Exactly as in the tests to determine the natural 
frequency, the top 12 in. of.sand was dug up after each 
test and recompacted. The tests on dry sand were 
carried out first. 


The aim of the preliminary tests was to find whether 


footing had a much reduced bearing capacity.. 


In an actual foundation, one such frequency would 
probably be the natural frequency because, for a give 
driving force, the amplitude would be much greate 
than at any other frequency. But in the experiments 
the natural frequency was determined by the stiffness 
of the loading beam supports, not the ground, and these 
supports had purposely been made so stiff that it was 
well above the frequency of the applied vibrations. This 
had been done because the object of the present tests 
was not to investigate resonance, but what happens to 
the bearing properties for any given amplitude or 
frequency, it being immaterial whether that amplitude’ 
was due to a small vibratory force applied at resonance’ 
or a large force well away from resonance. The resonant 
frequency is not, of course, fixed for any one foundation” 
but varies with the applied dead load. 


It was thought possible that there might be some” 
frequency other than the resonant one at which the 
bearing power might be reduced. It was conceivable, 
for example, that there might be one at which the soil 
particles might tend to rebound from each other if 
agitated. If so, the tests would have to be concerned 
with finding what determined it, as well as the effect on 
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Fig. 18.—Alteration of amplitude-frequency 
relation when damping is non-linear 


the bearing properties. If no such frequency ial 
the tests would merely be concerned with the relative - 
effects on the bearing power of different vibrations. 3 


A footing 18 in. x 4 in. was used first, half the tests — 
being made with static loading and half of them with — 
vibratory loading. In these first few dynamic tests 
the speed of vibration was slowly increased and decreased 
two or three times between about-400 and 3000 cycles © 
per minute in the course of the test. At the higher 
frequency the amplitude of vibration was about 0.007 in. — 
but was much lower at the lower speeds. There did ~ 
not appear to be more rapid settlement or falling off 
of load at any particular frequency and the ultimate 
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ad was only slightly lower on the average than in 


atic tests (see Table r). 


ABLE 1.—Comparison of Ultimate Load for 18 in. x 4 in. 
ioting under Static and Vibratory Loading of Variable 
‘Frequency (Quick Test) 


Ult. load Ult. load : 
ith vibration without ee eee eat of 
(tons) | vibration(tons)| °° *4VUre bapipmckdr 
 — sume re in. Zon ine 
0.96 a) — 12 in. 20% in. 
— 1.16 1} in. 204 in. 
Lnt35 a 12 in. L7z sm 
—- 0.925 1} in. TO... 
1.08 — 1% in. 184 in. 


verage =1.06 Average =1.07 


Although these tests showed that there is no particular 
equency at which small vibrations produce a marked 
ecrease in the ultimate load it was still possible that the 
ecrease would be more at high speeds than at low for a 
st carried out in a given time. Twenty further tests 
ere therefore made each with a constant speed of 
ibration using an 18 in. x 3 in. footing. The amplitude 
eing 0.001 in. each time. The footings were jacked 
ito the sand at a rate of 2 in. per minute so that each 
sst took about three-quarters of a minute. Ultimate 
ads are given in Table 2. 


ABLE, 2.—Ultimate Loads for Tests on 18 in. x 3 in. 


Footing 
Amplitude = 0.001 in. 
Ultimate load (tons) Vibration 
Test Frequency 
No. (Cycles per 
With Vibration | No Vibration minute) 
I oe 0.625 — 
2 0.65 — 510 
3 0.62 — 510 
4 0.59 — 890 
5 0.62 — 890 
6 — 0.67 ==> 
Fi 0.69 — 1160 
8 0.63 — 1160 
9 0.55 — 1480 
10 0.61 — 1480 
Il — 0.625 = 
12 0.715 _- 1820 
13 0.60 — 1820 
14 0.64 — 2240 
15 0.60 — 2240 
16 0.54 — 2560 
17 0.50 | — 2880 
18 0.74 — 2880 
wg) Pe Do fis) i 
20 0.65 — 2960 
eans 0.625 0.675 


It can be seen that there was no marked drop in 
saring power in any particular range of frequency 
stween 500 and 3000 cycles per minute, and the mean 
ad with vibration was only 74 per cent. lower than 
ithout. 

In each of the above tests the load had been increased 
latively rapidly whilst vibrations were continuously 
plied. In the case of an actual foundation it is more 
<ely that a constant dead load will be applied equal to 
me fraction of the static ultimate load and will remain 
nsibly unaltered during any subsequent vibrations. 
‘similar procedure was followed in the next tests. A 
fferent fraction of the static ultimate load was first of 
| applied in each test, and this load was kept constant 
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whilst vibrations wete superposed, the vibrations being 


- maintained until either ultimate failure occurred or 


alternatively the footing had sunk into the sand a dis- 
tance equal to half its width. Measurements of settle- 
ment with time were taken and plotted. 

Careful thought was given to the choice of vibration 
frequency and amplitude. It was decided that they 
should be as severe as is normally met with in actual 
structures, but there was little information available to 
show what the actual value should be. There are of 
course two possible criteria of the maximum tolerable 
vibration in any building. The first of these is the 
comfort and well-being of the inhabitants. Reiher and 
Meister’! have investigated this problem. They sub- 
jected a number of people to vibrations of various 
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Fig. 19.—Natural frequencies of square footings on 
inundated sand 


frequencies, amplitudes and directions, whilst standing 
or lying ‘on a large vibration table. The physiological 
effects varied with the direction of the axis of the body 
relative to the direction of movement, but the results 
with the subject standing and subject to vertical vibra- 
tion are shown in Fig. 28. The most severe vibrations 
which any engineer would dare inflict on the inhabitants 
of a building is probably given by zone 5. Another 


_ criterion of the severity of the vibrations is their effect on 


the structure. As was stated earlier there is some 

disagreement between various investigators on this point 

but if for simplicity the U.S. Bureau of Mines value of an 
i 

acceleration of — g is taken as the allowable limit if 
Io 

minor structural damage is to be avoided it will be seen 

that it too comes in Reiher and Meister’s zone 5. 

This accidental coincidence of the two criteria sug- 
gested that vibrations located in zone 5 and to the right 
of line A should be used in studying the long-term effects 
of vibration. 

The next question was whether to use high frequency 
or low frequency vibrations. Assuming that the settle- 
ments in a given time would be the same for a high 
frequency—small amplitude point on line A of Fig. 28 
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as for a low frequency—high amplitude point, neither 
has any advantage over the other. 
exploratory tests were therefore made of about one hour 
duration, which indicated that the high frequency—low 
amplitude vibrations gave more settlement in a given 
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Fig. 20.—Natural frequencies of circular footings on inundated sand 


time, although rather less for a given number of cycles. 
Since Tschebotarioff also appears to have implied, 
although he did not specifically state, that settlement 
is governed by the number of applications of load 
irrespective of frequency for a given acceleration, it 
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Fig. 21.—Natural frequencies of rectangles of different 
widths on inundated sand 


appeared that the behaviour of the footings would be 
determined more quickly by using a high-frequency- 
small amplitude oscillation. Accordingly, an arbitrary 
frequency of 2,400 per minute at 0.0006 in, amplitude 


Relatively short ~ 
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was eee This frequency is less’ than many whic 
occur in practice, but it is unlikely that severe vibratior 
of higher frequency ever occur since the resonant fr 
quency of most foundations will be well below 40 cycle 
per second. 
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The steady loads on which the vibrations were super 
posed were 47, 58, 69 and 80 per cent. of the stati 
failing load (taken as the mean of six values). Wit 
each of these loads the settlement of the foundation te 
the nearest 0.01 in. was recorded at appropriate tim 
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Fig. 22.—Comparison of results be 
for 12-in. x 3-in. footing}on dry 
and inundated sand 
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intervals. Fig. 29 gives the results plotted semt 
logarithmically. It can be seen that the superposition 
of the vibrations caused the footing to fail at as low 
as 58 per cent. of the average static failing load aftel 
about 2 x 10° cycles of loading. Although in this tes 

a definite sliding surface was formed the footing wa 

still capable of supporting its load provided it q 
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ven into the sand rapidly. This was unusual since 
normal static tests the bearing power of the footing 


ops quite suddenly as soon as a definite surface of 
ding is formed. The failure was also unusual in that 
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Fig. 23.—Calculated mass of soil vibrating 
with 6-in. diameter footing subject to 
various dead loads on inundated sand 


distance DC of Fig. 30 was only 123 in. instead of 
usual 20 in. average for static tests. It appeared, 
arefore, that the mechanism of failure was somewhat 
\dified. With mean loads of 69.and 80 per cent. of 


> 
S 
ay 
~ 


©. 241n. * 3in. 
X.218IN, x 31N. 
B=121n. x 3in. 


° zoo 400 600 800 1,000 1,200 
Dead load -Ib-per sq. Ft. 


‘ig. 24.—Natural frequencies of 3-in. wide footings of 
different lengths (inundated sand) 


static failing load the number of cycles of vibration 
ore failure was approximately 550,000 and 9,000 
pectively. In each of these cases the mechanism 
failure appeared to be normal the failure, surface 


95 


outcropping 20 in. away from the footing and the bearing 
power of the footing dropping sharply immediately 
failure occurred. In the test with only 47 per cent. of 
the ultimate static load, no failure had occurred after 
Iz xX 108 cycles of vibration, but the settlement was 
still continuing at a steady rate of about 0.13 in. per 
million cycles. Thus, although the footing might be 
capable of supporting 47 per cent. of the static load 
indefinitely, settlement would certainly become excessive 
before long. 


It will be seen from Fig. 29 that the portion of the 
settlement at failure which was due to vibration increased 
as the mean footing load decreased and the time of 
vibration increased. But there is not so much difference 
if the settlements which occurred whilst applying the 
initial loads are added to those which occurred during 
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Fig. 25. Comparison of frequencies for 18-in. x 6-in. 
and 6-in. square footings on inundated sand 


vibration. The sum of the two settlements is shown in 
Table 3. 


TABLE 3.—Table of Settlements obtained on Tests 
involving Constant Mean Loads with Vibrations Super- 
posed 


Footing size 18 in. X 4 in. 


Load — % | Settlement | Settlement Total 

of static before during Settlement Remarks 

Ultimate | vibration vibration 
100 1.54 in. zeTO 1.54 in. Static test 
80 0.47 in. 0.96 in. f.43ian. ) Failure 
69 0.36 in. 1a hag bale 1.50 in. under 
58 0.23 in. 1.29) 10 I.51 in. if vibration 
47 0.19 in. 1.52 in. 1.71 in. No failure 


These tests involving lengthy vibration could not be 
run continuously as this would have involved running 
24 hours per day for several days (the longest test 
involved vibration for 5000 minutes). The vibrations 
were therefore stopped overnight and in one case over 
two week-ends. It is not thought that this affected the 
results in any way since no discontinuity was detectable 
after these idle periods. 
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In the tests on a 12 in. X 3 in. footing similar results 
were obtained to those shown in Fig. 28. An actual 
shear failure was obtained with only 55 per cent. of the 
mean static failing load after 2.5 x 10° vibrations, but 
with a mean load 45 per cent. of the static failing load 
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O—O = 6 1n. square 
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° i 400: “BOO 1200. 1600 
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. Fig. 26.—Comparison of frequencies for 
6-in. circle and 6-in. square on inundated 
sand 
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Fig. 27,._Frequencies obtained for different dead loads 
with a layer of solid strata at different depths beneath 
a 6-in. diameter footing (sand inundated) 


ultimate failure was not reoched after 10 x 10% cycles 
of vibration, but the settlement was already 25 per cent. 
greater than that obtained at failure in an ordinary 
static test. The settlement values at other loads were 
similar to those in Table 3. 


_ immediately apparent that the amplitude of oscillation 


3 The S: tructural, E ngine 


Similar tests to the above were later repeated « 
inundated sand. The first tests which were made we 
static ones on an 18 in. X 4 in. footing to determine th 
failing load without vibration. The footing was drive 
into the sand by turning the jack one tooth ever 
I+ minutes. This represented an average rate ¢ 
penetration of I in. in 250 minutes although it we 
actually applied in increments of 0.005 in. The mea 
value of the ultimate load was 0.83 tons. In one test 
check was made that the ultimate load was not bein 
increased by the test being carried out too quickly thu 
setting up seepage stresses in the pore water whic 
would help to resist failure. The footing was drivel 
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Fig. 28.—Zones of response of standing humans to 
different . intensities of vertical vibration. (After 
; Reiher and Meister) : 


Zone Response 


I Not perceptible. 

Slightly perceptible. 

Distinctly perceptible. 

Strongly perceptible. 

Disturbing—detrimental effects, e.g., severe 
headaches if prolonged. 

Very disturbing—may have detrimental effect 
if of short duration. 
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I 
Line A—acceleration = — g. 
Io 


Line B—acceleration = g. = 
Zone A—B some plaster cracking, 
Beyond B—Structural damage may be severe. 


into the sand at the same rate as in the other tests until 
the load reached 0.78 tons. The test was then dis= 
continued for two days during which time the load fell te 
0.76 tons. On resuming the test the ultimate load was 
0.82 tons. It seems reasonable to infer from this that 
the rate of penetration was sufficiently slow to have little 
effect on the ultimate load. 4 


A test involving vibration was now tried. It was 


of the footing was approximately double that obtained 
with the same out of balance mass on the dry sand 
With this large amplitude the footing was almost 
incapable of supporting load and settled as fast as the 
jack could be screwed with only about 20 per cent. of 
the static failing load of 0.83 tons applied. ' 


The high amplitude shows that damping is much 
smaller for the inundated sand than for the dry sand. 
The exact ratio could not be determined because part 
of the damping of the system is provided by the rubber 
supports of the loading beam. This test confirms the 
finding in the experiments concerned with the effect of 
inundation on the natural frequency that the inundate 
soil mass acts somewhat like a solid bed of rock throug 
which stress waves are peadily, transmitted with littl 
damping. . 
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tegarding the léss of bearing power it is possible that 
ause of viscous stresses in the water the sand under 
footing cannot recover quickly when the footing is 
ving upwards so that the footing actually leaves it 


Settlement - in. 
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load, and no failure surface were-formed. With a mean 
load of 60 per cent. of the static ultimate, failure occurred 
in only 74 minutes at 1.4 in. settlement (after com- 
mencing vibration) whilst at 75 per cent. of the static 


Q = load 80°/o of static 


A xloaa 69 %/o of static | 


=load 58% of static 


x = load 47% of static | 


‘ etter tt Ht _indicates_ faulure 


Cycles of ieee 


Fig. 29. 


Settlements with different percentages of the static ultimate load 


under the action of severe vibration (dry sand) 


ind, meeting it again on the downward stroke. The 
amer blow effect could redsonably be expected to 
uce the bearing power. 

‘he out of balance mass was now reduced appro- 
itely to give the same amplitude as in the dry tests. 
ration tests were then made with constant mean 
Is of 0.62, 0.50, 0.38, 0.26 and 0.14 tons. 

‘he time settlement curves are shown in Fig. 30. It 
be seen that at only 0.14 tons (17 per cent. of the 


ig. 30.—Mechanism of failure for footing on sand. 
ledge ABC slides up BC. Sand in ABE follows 
wedge allowing footing to settle 


ic ultimate load) settlement was continuous and 
ly rapid, the settlement reaching 2 in. after about 
< 10° cycles (180 minutes approximately) and was 
increasing at the rate of r in. in 2} hours. At 
per cent. of the static load settlement was about 
ce as rapid as with 17 per cent., whilst with 46 per 
t. the settlement was 2 in. in 40 minutes. 

ut although the settlement was so great in these 
s, the footings were still capable of maintaining their 
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Cycles of vibration 


Fig. 31.—Settlements with different percentages of 
the static ultimate load under the action of severe 
vibration (inundated sand) 


failing load vibration caused failure in only two minutes 
at a settlement of only 0.88 in. The total settlements 
including that whilst applying the mean load before 
beginning vibrations were 1.05 and 1.1 in. respectively. 


Conclusions 


Although it would be unsafe to try and extrapolate the 
behaviour of full size foundations from the results of the 
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present tests it is likely that the results would be quali- 
tatively similar. 

For the small size foundations the following con- 
clusions can be drawn. 


(a) Regarding the natural frequency of vertical 
oscillation. 


(i) For very lightly loaded footings the natural 
frequency is almost independent of the footing 
size for a given load intensity, but for high loads 
it is almost inversely proportional to the 
foundation width. For dead load intensities 
which are comparable with those on actual 
foundations the behaviour is somewhere between 
these two extremes. 


(ii) It is not possible to estimate the effective 
volume of ground which acts in the vibration 
system since the volume appears to vary. The 
calculated value is also distorted by the fact 
that the spring stiffness of the ground also 
varies. 


(iii) For long rectangles of equal width the natural 
frequency appears to be independent of the 
length for a given load intensity. Squares give 
higher frequencies than rectangles of the same 
width. 


(iv) Square footings had slightly lower natural 
frequencies than circles of the same width. It 
may be that a circular footing has approxi- 
mately the same frequency as a square of the 
same mean width. 


(v) For inundated foundations the natural fre- 
quencies were again almost independent of the 
footing shape at low load intensities, but the 
frequencies were only a little over half those on 
the dry sand. At high loads the frequency 
was again roughly inversely proportional to 
the footing width but was not nearly so low 
relative to the value for a corresponding footing 
on dry sand as it was at low load intensities. 


(vi) After inundation the natural frequency was 
again independent of length for long rectangles, 
but squares gave higher frequencies than circles. 


(vii) The introduction of a rigid layer of strata at 
different depths beneath a circular footing 
diameter d showed that for any particular load 
on the footing the natural frequency was almost 
constant whatever the depth of the rigid layer 
between the limits d/3 and 2d. 


(b) Regarding the effect of vibrations on bearing 
power and settlement. 


(i) Vertical vibrations in structures which would be 
: severe enough to cause slight structural damage 
and produce adverse physiological effects on 
people have negligible effect on the ultimate 
load of a foundation on dry sand provided they 
are only applied for a short period of time—say 

less than one minute. 


(ii) For a given amplitude of oscillation there does 
not appear to be any particular frequency at 
which the effects of vibration are most pro- 
nounced, There is of course greater possibility 
of large amplitude oscillations if the driving 
force is applied at approximately the natural 
frequency. 


(iii) If severe vibrations are continued for a suffi- 
ciently long time the foundation may fail at a 
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smaller load than the ultimate for static loadin 
It appears that for a footing on dry sand s 
jected to severe vibration, a normal failure ca 
occur at about 50 per cent. of the static failin 
load after rather more than 10 x 108 cycle 
For mean loads greater than 50 per cent. of tk 
static ultimate load failure took place aft 
appropriately less cycles of loading. 


(iv) Although there was no failure in the ordinaz 
sense of the word with loads slightly less the 
50 per cent. of the static ultimate, settlemet 
was so great as to amount to failure after abot 
12 xX 108 cycles of vibration. 


(v) Inundation reduces damping effects. Thus 
given impressed force will tend to cause greatt 
vibrations than on dry sand, although tf 
exuberance will also depend largely in ea 
case on the incidence of resonance. 


(vi) Vibration of the inundated foundations ga 
similar but more marked reductions in bearin 
power compared with those on dry sa 
Failure occurred at much lower fractions of tl 
static ultimate load after a shorter period — 
vibration. 
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Discussion 


The Literature Committee would be glad to consid 
the publication of correspondence in connection with t 
above paper. Communications on this subject intend 
for publication should be received by June Ist, 1953. 
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Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
ructural Engineers was held at 11, Upper Belgrave 
reet, London, S.W.1, on Thursday, January 22nd, 
53, at 6 p.m., Mr. E. Granter, B.Sc.(Eng.), M.I.C.E., 
I.Struct.E. (President), in the Chair. | 

The following members were elected in accordance 
th the Bye-Laws. Will members kindly note that the 
-ctions as tabulated below should be referred to when 
nsulting the Year Book for evidence of membership ? 


STUDENTS 


\KER, Anthony Frederick, of Barnet, Herts. 
SNNETT, John Brian, of Burton-on-Trent, Staffs, 
NTOFT, Anthony John, of Scunthorpe, Lincs. 
RTER, Brian Duke, of Port Elizabeth, South Africa. 
= QUERVAIN, Emil Hugh, B.Sc.(Eng.) London, of 
Woking, Surrey. 

LERINGTON, Charles Richard, of Scunthorpe, Lincs. 
Lis, William George, of Berkhamsted, Herts. 
‘LLOWS, Brian, of Leeds, Yorks. 

YODEY, Donald Alfred, of Ndola, Northern Rhodesia. 
INT, John, of Huddersfield, Yorks. 

owu, Charles Olatunji, of London. 

ELSEY, Peter John, of London. 

.KE, John Brian Francis, of Harrow, Middlesex. 

SH, Alan Blake, of Caterham, Surrey. 

IRNELL, Raymond William, of Bristol. 

EWART, Alan Alfred, of Gateshead, Co. Durham. 
UART, Peter Leslie, of London. 

MMERBELL, George Bernard, of Newcastle upon Tyne. 
DENHAM, Richard Sidney, of Ilford, Essex. 

CKERS, Rex Adrian, of London. 

ATLING, Anthony John, of London. 

ATT, David, of Uddingston, Lanarkshire. 


GRADUATES 
TERY, Montague William, of Birmingham. 
NDER, Paul Frank, of Skewen, Glam. 
ACK, William Angus, of Dagenham, Essex. 
mis, Roy Alfred, of Romford, Essex. 
SWELL, William, of Stoke-on-Trent. 
JROSE, George Arthur, of Liverpool. 
0 YIN CHEE, B.Sc.(Eng.) Hong Kong, of Ipoh, 
Malaya. 
RD, Keith Alan, of Morden, Surrey. 
-EENE, Dennis Leslie, of Northolt, Middlesex. 
NSHELWOOD, William Hutton, of Glasgow. 
RN, Cyril Desmond, of Bridgend, Glam. 
JRTHGREAVES, Kenneth Roy, of Hampton, Middlesex. 
RMAR, Pyara Singh, of Nairobi, Kenya. 
TANKAR, Prabhakar Ganesh, B.E.(Civil) Bombay, of 
Bombay, India. 
DGEON, Norman William, of Woking, Surrey. 
BINSON, William Whitfield, of Liverpool. 
HOLNICK, Gabriel, B.Sc.(Eng.) Cape Town, of London, 
MPSON, Frank, of London. 
URGEON, James Harold, of Derby. 
NSEN, John Frederick, B.Sc.(Eng.) South Africa, of 
Johannesburg, South Africa. 
EHRLE, John Emile Charles, of Stanmore, Middlesex. 
HITESMITH, Noel Gilbert, of Scunthorpe, Lincs. 


MEMBER 
EILER, Emil Lawrence Anthony, of Newcastle upon 
Tyne. Sle 


el 


TRANSFERS 


Students to Graduates 
Dur Ey, John Edward Charles, of Loughton, Essex. 
Martin, Geoffrey Walter, of London. 
PENDAL, Bryan James, B.Sc.(Eng.) London, of Berk- 
hamsted, Herts. 


Graduates to Associate-Members 
COHEN, Stanley Ernest, B.Sc.(Eng.) Rand, of Johannes- 
burg, South Africa. 
LEVER, David Litler, of Bolton, Lancs. 
WILLIAMSON, James Wilson, B.Sc.(Eng.) Edinburgh, of 
Toronto, Canada. 


Associate-Member to Member 
MACLEAN, Neil Gordon, of Burgess Hill, Sussex. 


Members to Retired Members 
Banks, Charles Noake, of Lymington, Hants. 


Foster, Harold Pearson, of Leeds. 
Hit, Frederick, M.M., of Chesterfield, Derbyshire. 


OBITUARY 


The Council regret to announce the death of ARNOLD 
ORMOND (Member). 


RESIGNATIONS 


Notification was given that the Council had accepted 
with regret the resignations of JoHN WILLIAM DuNN, 
WILLIAM ADAM SINGLETON (Associates) ; ROBERT 
SPENCE (Associate-Member) ; E>wArD MERVYN DENCH, 
Witiiam Doucras Kitcuinc (Graduates) ; ROBIN 
SALMON (Student). 


EXAMINATIONS 


The Examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 
July 14th and 15th, 1953 (Graduateship), and July 16th 
and 17th (Associate-Membership). 


ANNUAL DINNER 


The Annual Dinner will be held at the Dorchester 
Hotel, Park Lane, London, W., on Friday, May Ist, 
1953, at 7 o'clock for 7.30 p.m. Speeches will conclude 
at approximately 9.30 p.m., and will be followed by 
dancing until 2 a.m. Particulars have been circulated 
to members. 

SUMMER MEETING 


The first Summer Meeting of the Institution to be 
held since 1939 will take place in Scotland from May 2oth 
to 22nd, 1953. The Headquarters will be at the Royal 
Technical College, Glasgow, and members will have an 
opportunity of enjoying the hospitality of the Scottish 
Branch for certain items in the programme, particulars 
of which were circulated with the February issue of the 
Journal. Members who wish to participate and who 


- have not yet applied for the requisite application forms 


are urged to write to the Secretary without delay. 


REPRESENTATION 
The Council have made the following nominations 
of members to represent the Institution : 
RoyaL SANITARY INSTITUTE HEALTH CONGRESS, 


HAstTINGS, APRIL, 1953 
Mr. J. E. Swindlehurst, O.B.E. (Past President). 
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BRITISH STANDARDS INSTITUTION COMMITTEE ON ARC 
WELDING AS APPLIED TO TUBULAR STEEL STRUCTURAL 
MEMBERS 
Mr. H. A. Cadwell (Member). 


FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1. 


Thursday, March 12th, 1953 


Joint Meeting with the Institute of Welding, at. 


6 p.m., when Mr. E. M. Lewis will give a paper on “ The 
Construction of the new Testing Laboratory of the 
British Welding Research Association at Abington.”’ 


Thursday, March 26th, 1953 
Ordinary General Meeting for the election of members, 
5.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
when Professor A. G. Pugsley, O.B.E., F.R.S., D.Sc., 
M.I.C.E., F.R.Ae.S., (Vice-President), will give a paper 
on “‘ A Simple Theory of Suspension Bridges.” 


Wednesday, April 15th, 1953 

By courtesy of the British Section of the Société des 
Ingénieurs Civils de France, members of the Institution 
are invited to attend a meeting at the Iron and Steel 
Institute, 4, Grosvenor Gardens, London, S.W.1, on 
Wednesday, 15th April, at 6 p.m., when Monsieur A. 
Lazard will give a paper entitled ‘“‘ Flexual Plasticity 
in Mild Steel.”’ 


Thursday, April 16th, 1953 

An additional Ordinary Meeting will be held at 
11, Upper Belgrave Street, London, S.W.1, on Thursday, 
April 16th, 1953, at 6 p.m., when a paper on ‘‘ Economy 
in the use of Structural Materials’”’ will be given by 
Mr. G. A. Gardner, O.B.E., M.1.Struct.E., Chief Struc- 
tural Engineer, Ministry of Works, Mr. R. Morton, 
B.Eng., M.I.C.E., Deputy Civil Engineer - in - Chief, 
Admiralty, and Mr. L. R. Creasy, B.Sc., M.I.C.E., Deputy 
Chief Structural Engineer, Ministry of Works. 


Thursday, April 23rd, 1953 
Ordinary General Meeting for the election of members, 
5.55 p-m., followed by an Ordinary Meeting at 6 p.m., 
pvnen-/Myr.—j. H.-A, Crockett; Bise;,4A,.C:G,h. DAsC., 
A.M.I.C.E., (Associate-Member), and Mr. D. B. O’Neill, 
B.Sc., will give a paper on “‘ Modern Machine Foundation 
Technique.” 
Thursday, May 14th, 1953 
An additional Ordinary Meeting will be held at 
11, Upper Belgrave Street, London, S.W.1, on Thursday, 
May 14th, 1953, at 6 p.m., when Mr. G. M. Frost, 
M.1.Struct.E., ‘will give a paper on “ The Structural 
Aspect of Power Station Design in South Africa.”’ 
Members wishing to bring guests to the Ordinary 
Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


Thursday, May 28th, 1953 

Ordinary General Meeting for the election of members, 
5 p.m. 

, ANNUAL GENERAL MEETING 

The Annual General Meeting of the Institution of 
Structural Engineers will be held at the Royal Technical 
College, George Street, Glasgow, on Thursday, May atst, 
1953, at 5.30 p.m. 


BENEVOLENT FUND 
The Annual General Meeting of the Voting Con- 
tributors to the Institution of Structural Engineers’ 
Benevolent Fund will be held at the Royal Technical 
College, George Street, Glasgow, on Thursday, May atst, 
1953, at 5.45 p.m. 
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HONOURS AND AWARDS 


~ In offering their sincere congratulations to the follo 
ing members on the distinctions recently conferre 
upon them, the Council feel that they are also expressin 
the good wishes of the Institution. 


ORDER OF THE BRITISH EMPIRE—C.B.E. 
Mr. H. V. Lobb (Associate) 


ORDER OF THE BRITISH EMPIRE—M.B.E. 
Mr. H. H. Leys (Associate-Member) 


HONORARY DEGREE OF DocTOR OF SCIENCE, LEED 
UNIVERSITY 
Professor J. F. Baker, O.B.E. (Member) 


HONORARY DEGREE OF MASTER OF SCIENCE, 
LEEDS UNIVERSITY 
Mr. W. Hunter Rose (Member) 


PERSONAL 
Mr. Vincent Burr (Associate) announces that he h 
taken into partnership his two Associated Architect 
Mr. Edmund G. Harker and Mr. John J. Hickie. Th 
practice will continue to be carried on at 85, Gowe 
Street, London, W.C.1, under the title “‘ Vincent Bu 
and Partners.” 


JOURNAL CASES AND BINDING, 1952 

A binding case can be supplied for the twelve issues 0 

the Journal, January-December, 1952 (Vol. 30), price 

11s. 6d. post free. The price for binding volumes is 

26s. 6d. per volume, inclusive. This is for the half- leath@ 
binding which has been in use for some years. 

It is requested that all parcels and Journals forwarded 


. for binding should bear the name, address and rank of the 


member concerned. All volumes for binding must : 
despatched to the Institution by March 31st, 1953. 

An Index will be included in all volumes bound. This 
Index will not be generally distributed, but members 
and others wishing to have a copy should apply to the 
Secretary. 

DRURY MEDAL AWARD 

The fourth competition for the above award will take 
place in 1953. The subject is the design of the structure 
of a new factory building. The material of construction 
is entirely at the choice of the competitor. The compe 
tition has been designed to encourage ingenuity of 
structural arrangement. Economy i in the use of steel is 
an important feature of this year’s competition. 

Graduates and Students of the Institution who wish 
to compete are invited to apply for full details to the 
Secretary | envelopes to be marked in the top left-hand 
corner, ‘Drury Medal Award,” 

The closing date for the competition is October Ist. 
1953- 

The general conditions of the competition are as 
follows :— 

1. The competition shall be for Graduates anil 
Students of the Institution of not more than 25 years 
of age. 

2. The subject of the competition shall be a design of 
a structural character, that is to say primarily structura 
design, not planning. 

3. The subject of design and conditions shall be 
prepared and issued biennially by a group of five mem. 
bers appointed by the Council. 

4. The Literature Committee shall appoint a Jury o: 
not less than five to examine the works submitted anc 
to interview candidates, if found necessary. 

5. In order to show that the work submitted is et 
the work of the competitor, the documents submitte 
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ll be countersigned by a corporate member of the 
titution or, failing this, shall be accompanied by a 
Jaration on a prescribed form signed by the candidate 
the presence of a Justice of the Peace or a Commis- 
aer for Oaths. 


MACLACHLAN LECTURE COMPETITION 


[he closing date for the receipt of entries for the 
.cLachlan Lecture Competition is Tuesday, March 31st, 
33. Particulars of the competition are as follows :— 
t. The Institution of Structural Engineers shall 
titute a written lecture to be known as the MacLachlan 
cture, and to be held annually. 

2. The subject of the Lecture may be on any aspect of 
ructural Engineering so long as in every second year 
2 subject shall be confined to steel structures. 

3. Entrance into the competition for the Lecture 
all be confined to Associate Members of the Institution, 
10 are under the age of 32 years. 

4. All papers entered for the competition shall be 
bmitted to assessors to be appointed by the Council 
the Institution, and all such papers (including the 
ize-winning Lecture) shall be available for publication 
the Journal of the Institution at the discretion of the 
uncil. 

5. No paper submitted shall have been published or 
ud elsewhere. 

6. The winner of the competition shall be required to 
esent the Lecture to a meeting of the Institution at 
uich he will be presented with the sum of £17 tos. od. 

7. Should a competitor’s paper be considered worthy 
ranking second in merit he will receive a consolation 
yard of £5. 

8. In the event of there being no winner of the 
mpetition in any one or more years, whether because 
. lecture submitted is considered to be of sufficient 
erit to warrant award, or for any other reason, the 
stitution shall transfer the above sums to the Research 
ind of the Institution. 


PARTICULARS OF THE COMPETITION FOR 1953 
1. The MacLachlan Lecture will be given at a meeting 
the Institution to be arranged towards the end of 1953. 
2. The subject of the Lecture shall be confined to 
2el structures. 
3. The work should be submitted as the script of a 
sture which the author, if successful in the competition, 
ll deliver before an audience in the course of about 
ie hour. The development of mathematical formule 
id detailed calculations should be avoided as far as 
ssible in the text; if they are essential they should be 
abodied in appendices. Photographs, drawings, graphs, 
c., which would appear as illustrations to the lecture in 
iblished form, should accompany the script. If 
iditional illustrations would be shown as slides, a list 
these should be included. 
4. Six copies of each Lecture should be submitted and 
ould be addressed to the Secretary of the Institution. 
5. The closing date for the receipt of entries by the 
stitution is Tuesday, March 31st, 1953. 


ONDON GRADUATES’ AND STUDENTS’ SECTION 


The Annual General Meeting of the Section will be 
1d at 11, Upper Belgrave Street, London, S.W.1, on 
nesday, March roth, 1953, at 6 p.m., and will be 
llowed by a film lecture on “Iron and Steel”’ by 
r. W. Gibson Martin, of the British Iron and Steel 
sderation. It is hoped that as many members as 
ssible will attend the meeting. 

Hon. Secretary: C. Allen Brown, 43, Coolgardie 
venue, Highams Park, London, E.4. 


TOT 


BRANCHINOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


The following meetings have been arranged :— 


Tuesday, March 3rd, 1953 


Joint Meeting with the Reinforced Concrete Associa- 
tion, ) Mr... Shepley, B.Sc.,- A.Mj1-C:E., on. “*-Pre- 
stressed Concrete Framework for Liverpool University 
Medical School.’’ 


Tuesday, March 26th, 1953 


Joint Meeting with the Institution of Civil Engineers, 
North-Western Association. 


Wednesday, April 29th, 1953 

Annual Business Meeting. Films: “ British Steel ’’ 
and “ A Plan Takes Shape.” 

All meetings, unless otherwise stated, will be held in 
the Reynolds Hall, College of Technology, Manchester, 
at 6.30 p.m., preceded by tea at 5.45 p.m. 

Hon. Secretary ; A..~S, Sinclair, A.M.I.Struct.E., 
17, The Circuit, Cheadle Hulme, Cheshire. 


MIDLAND COUNTIES BRANCH 


The following meetings have been arranged :— 


Friday, March 27th, 1953 


Mr. S. M. Cooper (Associate Member), on “The Tacoma 
Narrows Bridge Design Features and Collapse Investi- 
gations.” 


Tuesday, April 14th, 1953 
Mr. V. H. Lawton (Member), on “‘Some Notes on 


Designing to B.S. 449,”’ at the Welbeck Hotel, Notting- 
ham, at 7.0 p.m. 


Friday, April 24th, 1953 

Annual General Meeting, followed by paper by Mr. O. 
W. Jones, B.Sc., A.M.I.C.E., (Member), on “Reinforced 
Concrete Foundations and Structures for Blast Furnaces 
and Materials and Handling Plant at Shotton, nr. 
Chester.”’ 

All meetings, unless otherwise stated, will be held in 
the James Watt Memorial Institute, Birmingham, at 
6.0 p.m. 

Hon. Secretary : L. A. Firminger, A.M.I.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 


MIDLAND COUNTIES BRANCH—GRADUATES’ AND 
STUDENTS’ SECTION 


The following meeting has been arranged :— 


Tuesday, March 31st, 1953 

Annual General Meeting, followed by talk by Mr. H. C. 
Husband, B.Eng., M.I:C.E., M.I.Mech.E., (Past Chair- 
man, Yorkshire Branch), on ‘ Unusual Industrial 
Structures.’’ At the James Watt Memorial Institute, 
Birmingham, at 6.30 p.m. 

Hon. Secretary : F. G. Fletcher, 60, Brean Avenue, 
South Yardley, Birmingham, 26. 


NORTHERN COUNTIES BRANCH 


The following meetings have been arranged :— 


Tuesday, March 3rd, 1953 
Ladies’ Guest Night at Middlesbrough. 
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Wednesday, March 4th, 1953 
Ladies’ Guest Night at Newcastle. 


Tuesday, March 31st, 1953 

Annual General Meeting at Middlesbrough. 

All meetings commence at 6.30 p.m., the Middles- 
brough Meetings being held at the Cleveland Scientific 
and Technical Institution, Corporation Road, and those 
at Newcastle in the Neville Hall, near Central Station. 

Hon. Secretary: O. Lithgow, A.M.1.Struct.E., (4, 
Stoneleigh Avenue, Acklam, Middlesbrough. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 


Tuesday, March 3rd, 1953 
Mr. J. C. Malcolmson, B.Sc., (Member), on “Recent 
Developments in Prefabricated Concrete Structures.”’ 


Tuesday, March 31st, 1953 

Annual General Meeting. 

All meetings, unless otherwise stated, will be held in 
the College of Technology, Belfast, commencing at 
6.45 p.m., preceded by tea at the Overseas League 
premises, Wellington Place, Belfast, at 6.0 p.m. 

Hon. Secretary: S. G. Duckworth, M.I.Struct.E., 
“ Lisleen,’’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 
The following meetings have been arranged :— 


Wednesday, March 18th, 1953 
Mr. H. Nelson, B.Sc., A.R.T.C., on “ Tension Members 
in Engineering Structures,’ at Royal Technical College, 
George Street, Glasgow, at 6.0 p.m. 


Tuesday, April 14th, 1953 
Annual General Meeting at the Ca’doro Restaurant, 
Union Street, Glasgow, at 6.0 p.m. 
Hon. Secretary: D,G.Drummond, B.Sc., M.I.Struct.E., 
A.M.I.C.E., 11, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 


Hon. Secretary: E. W. Howells, M.I.Struct.E., 
c/o Messrs. T. L. Harding & Sons, Ltd., 10-12, Market 
Street, Torquay, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 


Wednesday, March 11th, 1953 
Mr. J. R. M. Ewen, B.Sc., on “ Tubular Structures,”’ at 


Swansea. 
Tuesday, March 17th, 1953 


The above meeting will be repeated at Cardiff. 


Friday, March 27th, 1953 
Branch Annual Dinner at Swansea. 


Tuesday, April 14th, 1953 
Mr. J. R. M. Poole, on “ Recent Developments in 
Timber Structures,” at Cardiff. 


Wednesday, May 13th, 1953 
Annual General Meeting at Swansea. 
Meetings in Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, at 6.30 p.m. 
Meetings at Swansea will be held at the Mackworth 
Hotel at 6.30 p.m. 


Lhe Structural Engin 


Hon. Secretary G. R. Bruveton, A.MJI.C} 
A.M.1.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. 


WESTERN COUNTIES BRANCH 


The Third Meeting of the Session was held in t 
Geology Theatre of the University of Bristol on Frida 
December 5th, 1952, when Mr. P. J. Ward’s paper a 
“The Design and Erection of Television Masts,’ we 
read by Mr. C. H. Hil JA. KCC, A.MiIL_CE. «ihe page 
proved to be of great interest to the members and friené¢ 
present. A vote of thanks was proposed by Lt.-Colon 
Ward, T.D., A.M.I.Mech.E., (Associate-Member). 

The Fourth Meeting of the Session was held in th 
Geology Lecture Theatre of the University of Bristol o 
Friday, January 2nd, 1953, when Mr. F. R. Buller 
B.Sc., M.I.C.E., (Member. of Council), read a pape 
entitled “‘ Unusual Design of a Large Constructiona 
Shop.” A vote of thanks was proposed by Mr. F. K 
Fennell, (Associate-Member). 


The following meetings have been arranged :— 


Thursday, March 5th, 1953 


Combined meeting with the Institution of Civ 
Engineers. Mr. L. Richardson, A.M.I.C.E. (Associat 
Member), on ‘‘ Plymouth ‘B’ Power Station,” at th 
Reception Room, University of Bristol, at 5.30 p. 
Tea at 5.0 p.m. 


Friday, April toth, 1953 

Annual General Meeting, followed by film show and/o 
papers presented by Junior Members, in the Geolog' 
Lecture Theatre, University of Bristol, at 6.0 p.m, 
preceded by tea at 5.30 p.m. : 
Hon. Secretary: E. ~Hughes, A.M.I.Struct.E,) 3% 
Effingham Road, St. Andrew’s Park, Bristol, 6. | 


YORKSHIRE BRANCH 


The following meetings have been arranged :— 


Wednesday, March 18th, 1953 
Mr. H..E. Manning, B.Sc., M.I.C.E.;, (Member @ 


Council), on “ Report on the Papers given on Concret 
Shell Roofs in London, July, 1952.” 


Fnday, April 17th, 1953 
Annual Dinner and Dance at the Parkway Hote 
Bramhope, Leeds, 7.0 p.m. 


Wednesday, April 22nd, 1953 


Annual General Meeting, followed by Mr. J. Dosso1 
M.1.C.E., A.M.I.Mech.E., (Member), on “Sea Defence 
Works.” 

All meetings to be held at The University, Leeds, a 
6.30 p.m. 

Hon. Secretary: E. Wrigley, A.M.l.Struct.E., 1 
The Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A, E. Tait, B.Sc., A.M.I.C.E 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. Durin 
week-days Mr. Tait can be contacted in the City En 
gineer’s Department, City Hall, Johannesburg. ’Phone 


34-1111 Ext. 257. 


Natal Section Hon. Secretary: E. G. Bennett 
A.M.I.Struct.E., c/o Reinforcing Steel Co., Ltd., P.C 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E. 
P.O. Box 1692, Cape Town. 


THE MACLACHLAN LECTURE, 1952 


he Design and Construction of a Three 


Bay Aluminium Aircraft Hangar 
at London Airport” 


By L. E. Ward, A.M.I.Struct.E. 


. May, 1950, the Ministry of Civil Aviation invited 
ers for the design and construction of a three-bay 
rar at London Airport. With a view to reducing 
itenance costs to a minimum, the roof structure 
to be fabricated in aluminium alloy but the stanch- 

at the discretion of the tenderer, could be either 

or aluminium. This paper will demonstrate that 
nium is a material to be seriously considered for 
: of this nature. | 


yecification, Loading Conditions and Working 
; Stresses 
le original specification drawn up by the Ministry of 
_ Aviation allowed great latitude as far as the 
turaldesign was concerned and it dealt mainly 
the functional aspect and standards of materials 
workmanship. The hangars were to be used for 
naintenance of aircraft and as an aid to the efficiency 
le operatives, a high degree both of thermal insula- 
and natural lighting was essential. As a means of 
cing the fire hazard, a deluge fire control system 
to be incorporated in the roof. 
ich of the three bays of the hangar was to give a 
working area 125 ft. wide x 110 ft. deep, with a 
mum height of 30 ft. In addition, each was to be 
shed with a thermally insulated and power-operated 
‘giving a clear opening 125 ft. wide x 30 ft. high. 
at part of the specification concerning the intensity 
utural lighting was concise and simply stated that 
arrangement of glazing was to ensure a daylight 
r of 18 (computed according to T.P. No. 28 
[.R. Building Research) over the majority of the 
area when the doors were in the closed position. 
roof, except where glazing occurred, was to be 
red with aluminium decking, possessing a thermal 
ation value of .35 B.Th.U./hr./°F./sq. ft. 
order to guard against accidental damage, an 
high dado wall was to be constructed in brick- 
This was surmounted by a Io ft. deep stretch of 

cal glazing and the remaining wall was formed of 
.W.G. corrugated aluminium sheet. The area of 
heeting was to be lined with a material capable of 
standing the action of the deluge system, the high 
eratures likely to be encountered in the event of a 
nd at the same time possessing a thermal insulation 
valent to that of the roof. 
e loading conditions, which are severe when com- 
1 with those in BSS449, take account of the exposed 
it London Airport and are as follows :— 


Loading Conditions 
e hangar was designed for the following specified 
ng conditions in addition to the dead loads :— 
ven before the Institution of Structural Engineers at 11, Upper 


we Street, London, S.W.1, on Thursday, November 13th, 
and awayded the MacLachlan Premtum for 1952. 


Dares 
J As 


Loapinc A 


Superimposed Load (deemed to include snow) 
= 15 lb./sq. ft. on plan. 


Superimposed Load (deemed to include lighting and 


heating services, etc.) 
= 2 |b./sq. ft. on plan. 
LoapinG B, C AnD D 


Wind Load. The unit wind pressure p = 25 lb./sq. ft. 


LOADING B 

An external wind pressure equal to normal to the 
full area of vertical surfaces. In the case of main frames 
and bracing, this pressure was taken equally between 
the windward and leeward faces. 


LoaDING C 

An external wind suction equal to p over half the 
length of the roof from the windward edge and .5 over 
the remaining half, excepting that when the main doors 
are open to windward .5p suction is taken over the 
whole roof. 


Loapine D 

An internal wind pressure of .5# on all surfaces when 
the main doors are open to windward and an internal 
wind suction of .5f when the doors are open to leeward 
or parallel with the wind direction. 


Combination of Loading 


Generally (eee 
Doors Closed (ii) A+B+C 
Ras Memo raniin ke pie eeumes 
Doors Open (iv) A+B+C+D 
, \ (v). B+C+D. 


Each of the above conditions was to include thermal 
stresses due to a temperature range of +45°F. 

At the time of tendering the ‘“‘ Report on the Structural 
Use of Aluminium Alloys in Buildings ’’ had not been 
published by this Institution. No other authoritative 
code being available, the working stresses and standards 
of construction were reconciled with BSS449 Use of 
Structural Steel in Building. 

Struts were designed in accordance with the Perry 


Formule incorporating a value of 7 = .0015 — and a 


r 
load factor of 2. (This factor being reduced to 1.8 for 


loads due solely to wind.) In the case of members in 
tension and bending the safe working stress was taken 
as 13,500 lIb./sq. in. representing a factor of safety of 3 
on the ultimate tensile strength. 


Rivets and Bolts 
Bearing and shearing values of rivets and bolts were 
ascertained by testing sample specimens, and in each case 


104 


a factor of safety of 3 was used. This resulted i in the 


following stresses :— 
Permissible shear stress in NES) rivets, 3. 33 tons/sq. in. 
Ri a Black bolts, 4 tons/sq. in. 
atts bearing stress in HEroWP, 10.8 tons/sq. in. 
In the case of the base castings the factors of safety 
were increased to 3.75 based on the ultimate stress. 


A Brief Outline of Aluminium as a 
Structural Medium 
Before proceeding with the details of this hangar, a 
brief resumé of the development of aluminium structures 


Conan: these alloy have the following mecliar Lic 


: 
, 
Rig 
| 


properties : ae 4 , 3 

eh HEIOWP » HE15WP 
0.1% Proof Stress 15 ton/sq. in. 24 ton/sq. d 
Ultimate Tensile Stress .18 ton/sq. in. 28 ton/sq. 1 
Elongation on 2 in. LOO 8% a 


HE1o owes its popularity to good corrosion resistanc 
ease and speed of extrusion and consequent lower pric 
Where minimum weight is of vital importance, HE: 
is recommended. 

To combat the high cost of aluminium, great ca 
should be taken to ensure that each square inch — 


would not be out of place. metal is used to its maximum load-carrying capaci 
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Fig. 1.—Daylight factor chart 
N,B. Shaded areas are those which have daylight factors of under 18. Figures represent factors 
at particular points. Building is symmetrical about LC 


As a structural material aluminium alloy has the 
following advantages :— 

(a) A high resistance to corrosion, in consequence 
sections as thin as .08 in. can safely be incorporated in 
structures. 

(b) Is easily extruded, thus permitting the designer to 
take advantage of this process in selecting special. 
sections for a particular application. 

(c) A high strength/weight ratio, thereby simplifying 
erection. 

(d) The ease with which it can be worked eliminates 
the necessity of expensive equipment and results in low 
fabrication costs. 

_ The principal disadvantages of aluminium are :— 

(a) Its comparatively high cost. 

_ (b) The relatively low modulus of elasticity of 10.3 x 
10° Ib./sq.. in. may make deflection and not stress a 
criterion of design. 

- The most popular alloy for structural purposes is 
undoubtedly HE1oWP, BS.1470, better known as AWIo. 
It is available in the form of plate, rivets or extrusions. 
A higher strength alloy is HE15WP, but a copper 
content of 3.5—-4.8 per. cent. reduces its corrosion 
resistance. In their extruded and fully heat-treated 


to design his own sections, and one of the main fact 
involved is the nature of the load to which they will 
subjected. In the case of tension members, the pe 
missible load is a function of the nett area, the ape 
the section having little effect. 

Struts, however, present a different problem. _ 
the slenderness ratio is large, it is usually more econ 
mical to spread the metal as far as possible in order t 2 
increase the radius of gyration and the permissible str 
To this end, tubes, whether round or square, or batten 
channels are used. The tubes are more expensiv 
extrusions and battened channels more expensive i 
fabrication, but generally battened channels are mo 
practical for structures such as the one forming t 
subject of this paper. For short struts, when th 
permissible stress approaches the proof stress, angles ar 
usually the best solution. Apart from reducing th 
fabrication they are generally cheaper and consequentl 
on having a smaller perimeter, are stronger in torsior 
The latter is a point to be carefully considered in dealin 
with short struts. An effective method of impro rin 
the efficiency of sections is to introduce bulbs or ribs 
their extremities. This not only increases the torsi 
strength and the radius of eye iee, but pe 


The small cost of an extrusion die encourages an engi 


‘elatively thin members against accidental blows, and 
n the case of angles, makes for easier extrusion. By 
virtue of its local stiffening, the bulb or rib allows 
thinner sections to be used. 

_ Members in bending, as far as aluminium is concerned, 
should be avoided wherever possible. In the case of 
light members such as purlins, it is often impractical to 
use lattice members and indeed for relatively small 
spans, say up to fifteen feet, a simple beam section is 
the best solution.. 

Rivets up to # in. dia. can be closed cold with the aid 
of a 25-ton squeeze riveting machine. It is of course 
desirable to use greater than 3 in. dia. and indeed rivets 
up to $ in. dia. have been closed cold with a 25-ton 
machine. This has been accomplished at the expense 
of machining the end of the rivet shank and thereby 
reducing the closing load. A further method of 
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approach, though still in the experimental stage, is to 
achine the snap in such a manner that the tendency 
is to spread the head and so assist in closing. 

_ Connections may also be made by welding but in the 
leat-treated alloys this is accompanied by a loss of 
trength due to annealing. The original strength can 
be restored by reheat treatment but this is impractical 
in the case of large girders and consequently large 
pructures are connected by either rivets or bolts. 

a | 

ee Design 

_ In view of the urgent need for this hangar, three 
weeks were allowed for the design and preparation of 
- tender. Consequently, the general details had to be 
decided quickly in order to obtain quotations from 


specialist firms for the roof decking, glazing and lining — 


and arrangements demanding lengthy stress analysis 
were promptly ruled out. After considering various 


schemes it was decided to use two pinned portal frames . 


vanning parallel to the door as principals, thus making 
each bay structurally independent.. With this arrange- 
nent the depth of the portal frame leg provided sufficient 
eae, \s \ ‘ 


rn says es ae ‘ 
be en ean : 


‘ros 


width to house the doors in the open position. Each 
bay was structurally independent. 

Attention was then given to glazing and it was found 
that the ro ft. stretch of glazing on the lower roof slopes 
together with the 17 ft. wide deck light and the ro ft. 
deep wall glazing, gave the requisite daylight factor 
over most of the floor, excepting that part immediately 
adjacent the doors. By the addition of the smaller 
deck light at the front of the building, the factor was 
increased to the required amount. Fig. 1 shows the 
contour. 

The remainder of the roof is covered with aluminium 
decking. In principle, this consists of an 18 SWG 
corrugated sheet, the corrugations being spaced 6 in. 
apart and 2? in. deep. A sheet of insulation board 
spanning between the corrugations provides a base for 
the bituminous felt covering which, together with the 


Fig. 2.—Interior view of the completed first bay 


insulation board, is bonded with hot bitumen, The 
decking is clipped to the purlin, clips being on alternate 
sides to stabilise the purlin flange. The weight of the 
decking is 4 lb./sq. ft. and it possesses a thermal insula- 
tion (U) value of .33 BTU’s/hr./°F./sq. ft. 

Building board manufacturers were contacted in an 
effort to obtain a material which would comply with the 
lining specification. No single board possessed all the 
required properties and so it was decided to use a } in. 
thick cementitious asbestos board in conjunction with 
corrugated aluminium foil insulation. The foil was 
first stapled to the lining, the whole being panelled in 
aluminium sections, which were clipped to the sheeting 
rails. 

The finished appearance of the interior of the first bay 
to be completed is shown in Fig. 2. 

One bay is closed by sliding and folding doors, thermal 
insulation being provided by a layer of glass silk. Doors 
to the remaining bays consist of a series of L-shaped 
leaves, which slide and nest within each other. The 
base of the L forms the leaf, whilst the stem is a lattice 
girder transmitting the wind load to floor and roof. 
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In this door aluminium foil provides insulation. Both 


types of doors are electrically operated and can be 


opened or closed in one minute. 

Standard aluminium rain-water goods could not be 
obtained in sizes sufficiently large to cope with require- 
ments and were therefore specially fabricated. The 
valley gutters were formed from 10 SWG aluminium 
sheet and the main downpipes fabricated from sheet and 
channel section riveted to form a hollow rectangular 
section. 

Having decided on the cladding, attention was 
diverted to the structure. A preliminary design 
revealed that the total dead load of the roof should be 
between 8 and 84 lb./sq. ft., and the roof load resolved 
into a downward load of 15 lb./sq. ft., or an upward 
load of 25 lb./sq. ft. Taking the worst conditions for 
dead load the main frames were designed for a down- 
ward load of 254 lb./sq. ft., or alternatively an upward 
load of 17 lb./sq. ft. A reversal of 72 per cent. A 


problem confronting the designer was to stabilise the 
inner boom of the main frame and to keep the weight 
and deflection of the purlins to a reasonable minimum, 


22'-O" - Cirs. aN 
an - 5% 2" x 186 Cue ees Joist 


She Be it he iene) Sane wed ee ligh j 
were employed. 
In order to determine the loads. with moderat¢ 


i E.| 


accuracy a strain energy analysis was made. A Fore 
diagram was drawn assuming no horizontal reaction | 
the base and a second diagram drawn for a horizonta) 
reaction H. - The loads in the members for both con’ 
ditions were then tabulated and the value of the hori 
zontal reaction found by means of the first theorem 0 
Castigliano. This was then substituted in the table ane 
the actual loads found. This table was also utilise¢ 
to find the loads in the members due to tempet at 
changes in the following manner. 

Assuming no restriction to horizontal movement, thy 
base of the portal frame would move outwards, due 
vertical loads, a distance of 147.2 inches. The move 
ment due to temperature variation of 45°F. on 146 ft 
6 in., centre of pins, would be .933 inches. It follow: 
that the horizontal load required to prevent movemen) 


-933 
would be 


x 100 = 0.8 per cent. of the horizonta 
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Fig. 3 


It was decided to employ six frames equally spaced at 
22 feet centres within the depth of the building. First 
thoughts were to design the purlins as latticed girders, 
but this scheme was rejected in favour of supporting the 
purlins at quarter points by struts springing from the 
inner boom of the main frame. A longitudinal tie was 
incorporated to transmit out of balance loads to the end 
bays, which, being fully latticed were capable of absorb- 
ing these loads. This system is shown in Fig. 3. 

This arrangement of the purlins proved extremely 
economical, The main member is a 5 in. x 2 in. x 
1.86 lb./ft. joist section and the struts which form an 
inverted Vee are 2} in. x 2 in. x 1.14 lb./ft. bulb 
angles. The joist is stressed to a bending stress of 
10,000 Ib./sq. in. and the calculated deflection of the 
purlin under full snow load is .5 in. It is worth noting 
that had a simple beam section, similar to those specified 
in BSr161 aluminium sections been used, the weight 
would have been of the order of 1.25 lb./sq. ft. compared 
with } Ib./sq. ft. of the present design. 

The actual span of the portal frame was dictated 
largely by the doors which in their parked position 
occupy a distance of 12 ft. 6 in. at each side of the clear 
opening. A nominal clearance of 6 in. between frames 
accounts for the dimension of 149 ft. centres of outer 
legs. The extreme 20 feet of each roof slope was pitched 
at 19° to facilitate the incorporation of normal patent 
glazing, the remainder of the roof being at 11° and 
3.5° pitch, it was of course not possible to guarantee the 
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reaction due to vertical loads and consequently the 
additional load in a member would be 0.8 per cent. 0 
the load induced by the horizontal reaction at the base 

As a further example strain energy was used to deter: 
mine the vertical deflection of 6.4 inches at the apex anc 
horizontal deflection of 2.4 in. at the eaves. 

The forces in the portal frame having been found thx 
members were designed. Double battened channels anc 
bulb joists were used for the booms and heavily loadec 
internal members, the lesser loaded internals being o: 
single channel section. 

The gusset was cast in a ductile alloy LM6 in the form 
of a hollow box and is designed to transmit the entire 
load, in bending to the central pin. Steel bushes weré 
incorporated to distribute the load and increase the 
bearing capacity. The base casting, which is not 
subjected to such high stresses, is made from LM4 
This detail is shown in Fig. 4. 

The rear gable framing is similar, in principle, to the 
roof. Latticed gable posts 5 feet deep spaced at ar 
average centres of 25 feet, transmit the wind load tc 
floor and roof. Sheeting rails are stayed and tied tc 
the inner leg of the gable posts in a similar manner te 
the purlins and diagonal bracing in the plane of the 
sheeting is introduced to prevent undue sag. The rail 
were spaced at 4 feet centres to line up with the standaré 
8 feet lengths of lining board. The lattice gable post: 
can be clearly seen in Fig. 5, which shows the third pe 
in course of erection. 


Bag . 


designed reine. “apebie) ee deananittind 
0 sliding under the action of vertical loads, 
T roduced: to prevent. the gable posts being subject to 
tical loads. 

At the front of the building the top of sis doors is 
cted by a canopy extending 10 feet from the 
mate frame, and hung from the ultimate frame by 
ib gable posts. The top of the canopy is covered with 
ugated aluminium sheet and flat sheet fixed to 
izontal framing members forms the soffit to receive 
tubber sealing strip on the top of the doors. The 
availability of a suitable section made it necessary to 


x. 
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Bic of the pt Tae caters for the wind on the upper 
urt of the canopy. 

The rafters of the rear portals are strengthened to 
rm the booms of wind bracing, which also incorporates 
 purlins, and transmits the wind loads to the rear side 
acing. Gussets vary in thickness, two } in. being 
ed for the portal frames and main structure, two 
W.G. (.128 ins.) being used for the gable posts. 

the light of little experience of the expansion of 
minium structures of this magnitude the problem 
as. solved by designing each bay as an independent 
fucture. An expansion joint is also provided in the 
Beting and glazing in the centre of the side and gable 
lls in addition to a joint in the roof decking. 


he foundations are constructed of normal reinforced 
crete and the unusual feature is that they were 
gned to hold the hangar down as opposed to holding 
up. ‘The larger type of foundation is designed to 
er for an uplift of 75 tons and consists of a three-foot 

f reinforced concrete 23 feet long x 14 feet wide, 
le underside of which is 5 feet below floor level. A 
ur-foot square core of reinforced. concrete projects 
.e centre of the slab to floor level and contains a 
eemodate the Bee casting. Mass concrete 


over the remaining area provides additional dead 
weight. 

’ The horizontal thrust on the -base is transmitted by 
the wall of the casting bearing on the concrete. The 
only function of the bolts is to hold the building down, 
clearance holes in the casting ensure that the bolts are 
subjected only to tensile loads. With a view to avoiding 
duplication in the transmission of loads and also un- 
wieldy connections, the side bracing was connected 
directly to the foundations by screwed rods. Provision 
was made for adjustment by enveloping the rods in a 
steel tube, the tube being firmly cast into the concrete, 


j he : Fig. 4.—Close up of hinge-base of portal 


The rod, the bottom of which had previously been 
greased, was twisted during the period the concrete was 
setting to permit movement in direction. A turn- 
buckle connecting rod to bracing permitted of adjust- 
ments in length. 


Fabrication and Erection 


The process of fabrication of an aluminium structure 
naturally follows on similar lines to its steel counter- 
part. The main difference results from the light weight 
of the components and the ease with which aluminium 
can be worked. Cranes do not form an essential part 
of the equipment and drills and saws are much smaller 
than those associated with steel fabrication. 

The structure of this hangar was to be inspected by 
the A.I.D., and before fabrication commenced, a meeting 
was arranged between representatives of this body and 
the contractors, to agree standards of workmanship. 
As a result, samples of all stock material, whether bolts, 
rivets, sheet or extrusion, had to be mechanically 


‘tested to ensure that it was up to the specification. In 


many cases war-time procedure was reverted to in 
tracing new material back to its original cast in addition 
to testing batch samples. As the main site connections 
were to be made with turned and fitted bolts, a high 
degree of accuracy was necessary. The normal inspec- 
tion staff worked in conjunction with the A.I.D. to 
ensure that this accuracy was maintained. 


Fig: 5 


The first stage in the fabrication was to set out the 
structure on the lofting floor, and the templates were 
made from the actual sections to be used, these being 
finally incorporated in the structure. The incoming 
material was cut to length on high-speed saws, following 
which pilot holes, generally } inch less in diameter than 
the finished hole, were drilled. Batten plates were pre- 
punched and riveted to the main members in standard 
jigs, following which the gusset plates were riveted to 
the main booms and finally the internal .members 
riveted on. 

All rivets were cold driven closed, a 25-ton pneumatic 
squeeze riveting machine being used for 3 rivets and a 
similar machine of g-ton capacity used for 3-inch 
diameter rivets. Although the smaller of these machines 


Fig. 6.—Erection of half-portals - 


only weighs 28 8 Ib. both were operated from a light t 
aluminium framed trolley, balance springs being 1 incor- 
porated to give easier control of the machine. In t 

case of rivets not accessible, a long stroke percussio 
tiveter was used to drive these by hand. Clearance 
of all holes was 1/64 inch over the rivet shank diametet 
and after driving the upset shank completely filled the 

hole. The portal frames were made in as long lengths 
as possible, the sizes being limited to those which could 
be conveyed to site on a 60-foot low loader. Each 

complete frame was temporarily shop-assembled and 
holes for fitted bolts reamed to ensure a good fit on 
erection. The ‘completed sections were manceuv 

with the aid of an available four-ton electric overhead 
travelling crane although, if necessary, they could have 
been man-handled. “el 


hk 


Joints in the gutters were joggled prior to forming into 
trough section on a press brake. Outlets and stop ends 
ere bolted on and welded to ensure that the joints were 
atertight. All inner surfaces of the rectangular down- 
pes were painted with bituminous paint, prior to 
sembling with a zinc chromate jointing compound and 
veting up whilst in the wet condition. The same 
mpound was used for wet assembling the steel bolts, to 
event electrolytic action between steel and aluminium, 
id the bolts finally painted over with a synthetic 
uminium paint. Precautions were also taken to 
event corrosion of aluminium in contact with uncured 
ment by painting with bituminous paint. 

Upon arrival at site the heavier components were 
f-loaded with the aid of a 3-ton 30-ft. jib crane. Two 
ives of adjacent portal frames were assembled side-by- 
le, the feet of the frames being connected to the 
nged bases and the apices resting on the concrete 
or slab. After the purlins, ties, etc., had been fixed, 
rope was secured to connect the eaves to a three-ton 


winch situated about 75 yards outside the bases. A 
load applied by the winch then raised the portal frames, 
pivoted about their base pins, into position. After 
final adjustment had been obtained by jacking between 
the base casting and the foundation, the apex bolts 
were inserted and the base casting grouted in. The 
remaining components were then hoisted from the 
erected frames and fixed in position. Tubular scaffolding 
was erected alongside the rear and end walls and movable 
towers gave access to the roof. 

The wall sheeting was drilled in position and hook 
bolted to the sheeting rails. A special staple was used 
for securing the aluminium foil to the lining board, 
which was then hoisted’and fixed to the inner flange of 
the rail. The possible danger of glare on an unpainted 
sheet prompted the decision to treat the wall lining by 
the alchrom process. This dipping process is primarily 
to form a paint key, but it also served to improve the 
appearance of sheets. Fig. 6 shows the portal frames 
being raised into position, and in Fig. 7 the framework 


= tr6. 


to the 3rd bay is almost complete. 
2nd and 3rd bays are shown in ‘Fig. oe 


Conclusion 


The hangar, which despite a very wet winter, was 
completed within the period of a year, is an outstanding 
example of the use of aluminium in buildings. Apart 
from the structure, aluminium has been used in the 
roof decking, wall sheeting and glazing, in addition to 
forming the insulation for the walls. The doors, had 


Fig. 9 


‘they been constructed in any other material, would 
have been unwieldy. As will be seen by Fig. 8, the 
general shape enhanced by the various shades of green 
in the felt, glass and alochromed sheeting present a 
pleasing appearance. The efficiency of the glazing can 
best be judged on a winter’s afternoon, when artificial 
lights are switched on an hour or two later than those 
in adjacent hangars. 
tions are large, but when one considers the bearing 


The Analysis of Multi-Bay 
Gabled Rigid F rames 


By Arthur Bolton, M.Sc.Tech. (Graduate) 


Summary 


In presenting a previous paper!, the author demon- 
strated the solution of a five-bay gabled frame of which 
each bay was unsymmetrical in geometry and loading. 
The solution was not then published, and in the present 
paper the calculation is set out in a form which can be 
applied to gabled frameworks with any inclination of the 
two rafters and with any loading. If the loading and 


1A New Approach to the Elastic Analysis of Two Dimensional 
Rigid Frames, THE STRUCTURAL ENGINEER. Vol. XXX, 1952. 
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ape dans to the rs 
_ these hangars could be erected on the poorest soil. 


It may be said that the founda- 


pressure. on A thet Pest: i a te ft., it is’ BS Sais 


This hangar is the forerunner of several which are, « 
are due to be erected, in various parts of the coun 
and it seems that the future of aluminium aircra 
hangars is assured. 
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the bays are symmetrical there is a considerable simplifi 
cation of the general case. 


Explanation of the method of eadeula tion used and 2 
fuller discussion of the constraints necessary to maintair 
equilibrium are to be found in the original paper. 


Introduction 


The analysis of a ae such as that shown in Fig. 1 J 
is a tedious procedure, On the other hand, the analysis 


of the frame shown in Fig. 2 is very much ee anc 
can be completed in a few minutes. a 


i’ 
ce 


The main cause of this difference is the fact that in the 
rst structure each bay is free to spread, and no obvious 


‘lationship can be found between the sways of the 
sveral stanchions. This means that instead of being 


Cc F 


Fig. 1 


ble to use one simple sway for the whole structure it 
ecomes necessary to consider the separate sway of 
ach stanchion. 

A structure intermediate between these two types 
; shown in Fig. 3. In this case the structure is similar 


Fig. 2 


) that in Fig. 2, but the beam is able to extend axially 
nd thus again there is the need to consider the separate 
ways of each stanchion. One method of solving this 
roblem is to consider the out-of-balance moment and 
ie owt-of-balance horizontal force at B, D, G.... 


Fig. 3 


yy balancing these constraints in turn by rotations and 
ways the problem can be solved. 

The structure of Fig. 1 can be converted to this 
lealised type by considering BC and CD as one member. 
or this composite member BCD, the stiffness and the 
arry-over factor to the opposite end for rotation of 
} or D can be obtained. Moreover, the force required 
9 extend the distance between B and D by a given 
mount can be calculated. Therefore, if a horizontal 
ce is applied at joint D, say, in Fig. 1, the force 
squired at B and G to prevent movement can be found. 
n other words, the structure of Fig. 1 may be con- 
dered as that of Fig. 3, in which the axial stiffness of 


Itt 


the beatns, the rotational stiffnesses and the carry-over 


factors are known. When the equivalent structure of 
Fig. 3 has been solved, the known forces and moments 
are applied to the real structure of Fig. 1 and the moments 
in the members calculated. 


Constraints Due to Loading 


If this method of solving the problem is adopted there 
exists the problem of transferring the fixed-end con- 
straints on the real structure to the equivalent structure, 

It was shown? that the equilibrium of BCD (Fig. 4) 
can be maintained against any loading by moments at 
B, C and D and horizontal and vertical force constraints 
at B and D. The moment at C will be dealt with later 
in the operations table, and the vertical forces are 
provided by the stanchions. The horizontal constraints 
at B and D due to any system of loading on span BCD 
remain to be calculated. 

These constraints may be obtained by considering 
B, C and D as independently fixed. In this case there 
would appear, for a general load case, horizontal and 
vertical constraints at B, C and D. In fact C is not 
independently fixed, but is supported by the constraints 
at B and D. Therefore the forces which would have 
appeared at C are carried back to B and D, through the 
members BC and CD. The horizontal constraints at 
B and D, which are equivalent to the force constraints, 
which would have been required at C, have the following 
values :— 


HORIZONTAL CONSTRAINTS AT B AND D 
Duewto: Hea = 


°F S; 
Hg = ——x<He Hyp = ——xXHe 
VE, vf 
Due to Ve :— 
6.5. SiS: 
VGA = KVe JE Gaia as xe 
AL AL 


Calculation of Operations 


A. MoMENT PATTERNS 
If one end of a prismatic member is rotated, the 
moment produced at that end is proportional to the 


7. 

stiffness (=) of the member, and the moment produced 
L 

at the far end is a half of that amount. 


If one end of such a member is displaced by sway an 
amount 3 relative to the tangent at the other end, the 


Example 6 p. rf. loc. cit. 
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TRIANGLES OF FORCES AT C 
FOR We AND. Ve. 
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Ik 
moment caused at each ae will be priporeeal tose 
i? 
if 
For sways, therefore, as well as the — value of each 
[2 


member, the deflection 3 compared with that of each 
other member taking part in the particular sway is 
required. 

These relative deflections may be obtained from a 
deflection diagram such as that of Fig. 5. 


ee 


This is the 


WILLIOT DIAGRAM FOR DEFLECTIONS 


Fig. 5 


diagram for bay ABCDE when A and D are fixed, and 
B is ohare an amount 8AB to the night. From 


Fig: 5: 


i: bc ca 
sin( 644-99) COS 9, cos 8, 
COS Ny 
*,, 8Bc ee Te Oke 
sin(8,+ 9) 
152 
= xX .6aB 
AL 
cos 8, 
dcp = X Sap 
sin( 01+ 0.) 
291 
= ——— X das 
AL 


Exactly the same relative deflections are obtained 1f D 
is displaced and B held in position. Hence, knowing the 


yee sanite and the athe deficetion fon cone member, the 


[2 
pattern of moments for any sa is sway can be built up. 


B. Force PATTERNS 


zontal constraints at B and D for any pattern of moments 
in the bay ABCDE. The force at B may be considere 
as being made up of two parts,-from the moments o 
stanchion AB, and from the forces required to maintair 
equilibrium of BCD. 


Fig. 6 
From Fig. 6 the value of H due to moments in BC 
and CD may be obtained as follows :— a 
Msc+Mcs+Men+Moc 4 
Vie se : (Moments about B) | 
Ee . 
and : iy 
Mes = —Mpc+Hh +VS, 3 
Mec+Mcs (: 5) S,(Meo+Mod)l 
ihe fre | 
AL 5 
ee M cs) Si(Mcp+Mpc) a 
a aL hl 3 
S_(Mac+Mcs) S,(Mcv+Mpc) | 
mes f= 3 2 he : f 
AL AL q 
Mas+Mepa | 
Tahoe ARE Ra rTy (A)) 
Las 
imilarly 
(Myc +Mcs) (Mcp +Mpc) 
Jak B ye = 
AL 


Fig. 7 


EXAMPLE 

All the information necessary to construct an opera- 
tions table is now available. As an illustration of the 
method, an actual example shown in Fig. 7 has beer 
calculated. Since all. the pays are identical it is con- 


' 
/ 


nient to consider the properties of two adjacent bays. 


‘shown in Fig. 8, From a consideration of these two 
.ys only, the properties of the eaves joints B and R, and 
50 any intermediate joint, D, G, K or N, can be obtained 


Fig. 8 


The object of the operations table is to build up the 
ymmplex operations indicated in Fig. 9. Once these 
ave been obtained any constraints at B, D,G, kK, N, R 
o the equivalent structure can be relaxed. 


Calculation of Operations 


For each bay the relative lengths of the members are : 
Fae Vg V3; Si=4; eye h= / 3/2, Lae 


I 5 = Relative deflec- 
Member k= — tion for sway of — x 8 
( a B or D VE, 
’e I 4 ‘ 
AB, DE — = .o7I5 I .OO5II 
14 
Si: 1X §/, v3 
BC — = .0909 ———_—_— = .00716 
jz V 3/22 2 
mea V3X*/2 I 
CD = .0525 | ———— = - .00138 
Be Il 3 Vv 8/2X2 2 
Distribution Coefficients for Rotations 
ee, 2X .0715 
=.B (A pinned) BA, = ————__——_—__. = .37 
8x .0715-+ .0909 
f BC = .63 
4 -0909 
mC cree ee = .635 
. 0909+ .0525 
CD = .365 
:. : +0525 
t D Gees eee 208 
e : -0525+ -0909-+ 3X .0715 
.0909 
Y YOY Siena Nie sea 
: - 0525+ .0909+-} X .0715 
a DE = .272 


Distribution Coefficients for Sways 


way of B (A pinned) Mpaa}X.00511 1.€., Say, 1.00 
 Mcsn = Megcu.00716 i.e., Say, 2.82 
Mpc = Mep«.00138 i.e., Say, .541 
‘This information enables the first eight operations 
f Table 1 to be written down. The horizontal forces 
ssociated with each operation are calculated using 
quations (A) and (B) above. 
The eight basic operations must be combined to build 
p the required complex operations of Fig. 9. To 
tain the operations for Hz and Mz operations (1), 
2) and (6) only need to be considered since the only 
lowable displacements are the rotation of B and C 
id the sway of B. 
. eae 5 ote 
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In operation (1) there is an out-of-balance moment 
at C which can be removed using —.315 parts of opera- 
tion (2) to give operation (9). In operation (2) there 
is an out-of-balance moment which can be removed 
using —.318 parts of (1) to give operation (10). It is 
easy to balance operation (6) using (g) and (10) since 
there is no interaction. Operation (12) shows the result 
of this balancing and the value of Hx is seen to be 

i: 
.3709. By multiplying operation (12) by 
, Gee 3709 

operation (13) is obtained in which HB is unity. From 
this operation the first pattern of Fig. 9 can be obtained. 

Moreover, operation (g) is seen to be the operation 


required for the second pattern, Mp of Fig. 9, except 


that there is a force of .0288 units as Hy. By subtracting 
.0288 of operation (13) from (g) and multiplying by 
I 
—— the required operation is obtained. 
mreyere) 
In a similar way the patterns for the remaining 
complex operations of Fig. 9 are obtained in Table r. 
When these patterns have been obtained it.is time to 
consider the particular loads the structure is carrying. 


Fixed-end Constraints for the Equivalent Structure 
5 
—Msgc = Mcp = —— = 2.52 tons/ft. ; 
12 


IIX10.5 
—Mcp = Moc = ———— = 15.15 tons/ft. 
12 


Thus the dead load produces: an _ out-of-balance 
moment of 12.63 tons/ft. at each ridge point. This 
moment is balanced using operation (2) of Table 1 and 
the effect on the constraints at B, D,... noted. 

In addition a vertical force would have been required 
at each ridge point, had these been independently 
fixed, of value :— 


5.5 eit 
Ve = — 4+ — = 8.25 tons. 
2 2 


Using the expression previously obtained, 
. 8) 
thee 
Hg a ey = Ve YOR mera 
AL 


A/S 
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Relaxation of Constraints 


Table 2 shows the method of relaxation used. The 
constraints due to the F.E.M.s at B, D, ... R are 
entered, and the force constraints due to the vertical 
force at the ridge points are added. The effect on the 
constraints of using Operation 2 to balance the ridge 
points is also noted, and the sum of these three sets of 
values gives the total constraint to be relaxed. 

The next step is to guess the amount of horizontal 
force and moment, which. will be needed at each joint 
B, D, G, K, N, R. It is here that experience of other 
similar problems is valuable, for time will be saved in 
the relaxation if a close estimate is obtained. It will be 
observed.that, because of the tendency of every bay to 
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OPERATION 7 FORCES 


[oa [oe SET ers [ra ler tee 
gotationor af a7 | wal ae] | | | | | | | _[ern-om|_ 
Se N= OT 9TH 
| ay ee OR GES MEI | ie 
£5 A GOT OZ 
5) (UC IIE spe 
ASST So BE RF Fa 
fps p= | fase|-2ae] seal sea[-r00| aan [aae|-sea|-sea] [ani] rons a 
mace a ee RC Fal saa|-700] ar] sag 


OPERATIONS Ha AND Mg WITH DD FIXED = OPERATIONS i,2 AND 6 ONLY 
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QW) ~ +315 (2) 
(2) ~ ‘318 <C) 
2-025-(9)+2527x(10)| 449] 1-37! 


iy ee 

535] ge) 

Biss) 

© —W)__[-raas| vas] 1235 [0235 [-e90] 
| 333 | en 

eae 
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foe 

ce 

EeiBees 

019 |--019 | een 
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OPERATIONS Hp AND we WITH 8B ANB G FIXED =~ OPERATIGNS 2,3,4,1. 


16 |-133«Q)+8) - Bix 4) lias 
2276@)-(4 +7) [3387 | 7407 |-3337 | 
ee ae Pasi | sot 2A 


ae 
Freor rrea [| a i fe #6 
(= Gon | proba vate] cao /-aace| vees| rate free fraza] F448] -000f 372 | 
eee 
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OPERATIONS He AND Mg WITH D FIXED — OPERATIONS 4,5,8. 
@) - I182x(5) 


ine 
-092 
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3) + 238x(29)+-418.03 
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to} 
BBE 


| 26] Q2) + OO1S «(35 
(26) x 'A955 


spread, a large overcorrection of the constraints will be After such terms have been entered the constraint: 
required. The trial solution used in Table 2 is probably are totalled. If the estimate had been the exact solu 
better than average because the solution of’a frame, tion, there would be no constraint remaining. Ir 
geometrically similar but with different stiffmesses, was general, however, there will be residuals, but far smalle 
available. than the original fixed-end constraints. 


These residuals are then attacked using the pattern: 
of Fig. 9. For example, after the trial solution +1.5% 
tons remain as constraint at Hp. This is released by 
using —1.50 parts of pattern (b). By repeated opera: 
tions on the residuals in turn, they are brought dowr 
to a level at which they can be ignored. . 

At this stage the amount of each complex operatiot 
—10.0X—.72 = +7.2 to Hp of Fig. 9, which has been used in the solution, is obtainec 
—I0.0X—2.4 = +24.0 to Mp. by adding the corrections to the trial solution. 


When a trial solution has been decided the effects on 
the constraints, both at the point on which the operation 
is being carried out and by carry-over to the adjacent 
joints, are noted. For example, a force constraint of 
—10.0 was guessed at B. From pattern (a) of Fig. 9 
the carry-over is seen to be 
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ORIGINAL REM: 
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TRIAL SOLUTION 
CORRECTIONS 


TOTAL. 
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Fig. 9 


Relaxation Table 2 
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Mpa = — 9-45 xX 

Myre = —II.30 X 

Mou = — 7-34 X 

Mer = 773.00; X 

Myp — + 1.89 x 

My = + 5.1L Xx 

Mpc = —2-52+(12.63 x .318) — 9.45 X 3:91 -—30.8 X .463 —II.30X —3.08 —60.2 X .089 =, —20.33 
Mpr = 1.50 —II.30 X 1.865 —60.2 X°.348 —7.34 X —3.08 —40.5 X .089 = —21.58 
Moy = I.50 — 7.34 X 1.865 —40.5 x .348 —3.0 xX —3.08 —22.6 X .089 = —I19.09 
Mem = 1.50 — 3.00 X 1.865 —22.6 x .348 +1.89 x —3.08 + 2.1 XK .089 = —17.56 
Myo = 1.50 + 1.89 X 1.865 + 2.4 xX .348 +5.11 X —5.18 -——15.0X—.0903=, —I9.29. 
Mep = 2.52+(12.63 X .635) — 9.45 x Ste 33 —30.8 X .02I. —II.30 X —1.816  —60.2 X —.0139 = — .27 
Mpp = 10.54 —ITI.30 1.816 —60.2 X .0139 —7.34 X —I1.816  —40.5 X —.0139 = +3.06 
Mig = 10.54 a 7.54 ? 1816 —40.5 X .0139 _—3.0 xX —1.816 —22.6 X ——.0139 = +2.43 
Mix = 10.54 — 3.00 X 1.816 —22.6 x .0139 +1.89 xX —1.816 +2.4 X —.0139 = +1.33 
Mon == 10.54 +, 1.89 x 1.816 + 2.4 X .0139 +5.1I1 X —3-41 =-15,0 0, FOr Ole 
Myc = 15.15 +(12.63 X.182) — 9.45 X —2.40 —30.8 X .0133 —II.30 x. .626 —60.2 x 241 = isang 
Mer = 17.45 ==11.30 -X —=1.324, 60.2" XX .O11), == 7.134)" .626- —=40.5) xX 247 = 117-44 
Myy = 17.45 a 234 ia Bed eta AOs aX sorOL Te i a OMe OZ OW 22 Oli eem edt = +19.39 
Mym = 17.45 Sarg OO tt aha 2AM oO mn eo ie + 1.80, X".6265- = 2.4 X |. 247 = +22.98 
Mro = 17.45 + 1.89 X —1.324 + 2 xX .O11 ate 5:11 X 2.41 15.0 X .475 = ROT 7 
Mep = —15.15+(12.63 X .365) — 9.45 xX. —3.33 —30.8 xX —.02I. —II.30 X 1.816 -—60.2 xX .0139 = +.27 
Meg = —10.54 —I11.30 X —1.816 —60.2 X —.0139 — 7.34 X 1.816 — 40.5 X .0139 = —3.06 
Myx = —10.54 — 7.34 X —1.810 —¥40.5 xX 0139 —- 3.0 X 1.816 22.6 XK .0139 = —2.43 
Myx = —I10.54 — 3.00 X —1.816 -—22.6 x —.0139 + 1.89 X 1.816 + 2.4 * .0139 = —I.33. 
Mor = —I10.54 + 1.89 x —1.816 + 2.4 xX —.0139 + 5.11 X —I5.0 X .170° = +.90 


3°41 


Knowing the solution for the equivalent structure, the 
solution to the real structure can be obtained. The 
internal moments corresponding to the patterns of 
Fig. g are contained in operations (13), (15), (19), (21), 
(25), and (27) of Table 1. The moments caused by 
balancing the ridge points with Operation 2 are also 
known. When these are added to the fixed-end moments 
the solution is complete. The final computation may 
seem laborious but it will be seen that blocks of calcu- 
lation can be obtained at one setting of the slide rule. 


Alternative Load Cases 


If it is desired to obtain the effect of some other load 
case on the same structure, say, for instance; a wind 
load, only a small part of the calculation needs to be 
repeated. All that is needed is to relax the new con- 
straints with the same patterns of Fig. 9 and obtain the 
internal moments. 


Appendix 


Non-Prismatic Members 


Since the stanchions of such a frame as that under 
consideration often carry gantries and have an abrupt 
change of section at gantry level, there is the need to 
calculate the stiffness and carry-over factors for a non- 
prismatic member. As a simple illustration the member 
ABC of Fig. ro is here analysed. 


Scouse Gg: aad alee bc 


* Vp ALY, 


Fig. 10 


__ Fig. 10 shows a member ABC fixed at C and with a 
change of section at B. It is required to find the 
stiffness of A and the carry-over to C when 4 is rotated. 


The problem is more easily visualised when taken 1 
stages. If B is fixed and A rotated there will be 
known moment caused at 5, and a known force 
will be required to prevent vertical displacement of 


B 
4 ROTATE A 


—_— — i i 


SWAY B TO REMOVE Vp 
Fig. 11 


If B is now allowed to rotate, the out-of-balance mo B 
at B can be removed, but some force constraint V 
will remain. If B is next allowed to sway the force V 
can be removed, although some smaller out-of-balan 
moment will be reintroduced at B. By repeating - 
operations of rotation and sway of B the solution wi 
obtained. Alternatively, the amount of rotation 
sway of B, which accompanies any rotation of A 
be obtained directly without successive correctio 
Fig. rr shows the basic operations. The shear equatic 


es 


can be obtained from Fig. 10. % 
— Mas+Maa > Msc+Mcer a 
Vie ac rare | le tes 
Me 4L/5 j 
Msc+Mce 
© Viagx Leia MaMa 1 ee 
Ass 


Operation | A titan Citascre 


I ‘Rotate B I 2 4 2 es 
ba Sway B 2 Bales —I er 
3 | x3 —@) Ute a | co 
4 |) —(2) x6 tt! L256. 10 Bele ee 
Rotate A 34 17 255 
a (3). 1 at SMB 237 ) 
(4) x2 i—22 —z20 | 20 16 | —255 
8 | (5) +(6)+(7) II ee wa 9 0 
9 | Sway A : 51 51 nae 510 
Be 3) 3 aS ewes peso) a O° 
Tr | (4) x4 44 —40 | 40 32/1510 
12 (9) + (10) + (11) 4 — 1 I II fo) 


‘The two basic operations for the rotation and sway 
f B are entered at the head of Table 3. For convenience 
t is better to obtain an operation (3) which will relax 
noment at B without affecting the vertical force, and 
mother (4) which will relax vertical force at B without 
ffecting the moment constraint. Using (3) and (4) 
here will be no interaction, and one cycle will be suffi- 
ient to remove the constraints at B. 

_ Moreover, operations (3) and (4) are important on 
heir own account since they give the fixed end moments 
it A and C for moments or forces applied at B. 
For example, if a load of one ton is applied at B and L 
$ measured in feet, it is seen from (4) that :— 
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BEM. at A. —)——-- = — 

255 255 tons ft. 
16L 
BM. at C . ab 


255 tons ft. 


ikewise a moment of 1 ton ft. applied at B will result 
n fixed-end moments given by (3) as follows :— 


ee af 
-F.E.M. at A= — 
or. 17 tons ft. 
4 7 
PEE M. Bite (eat 

; ; 17 tons ft. 


‘hus any fixed-end constraints at top and bottom of 
tanchions due to eccentric gantry loads or surges can 
found. 

‘To obtain the stiffness of A and the carry-over to C 
he pattern for the rotation of A is written down (5). 
A rotation of 34 units is made in the particular case 
ecause it is known that operation (3) will relax 17 units 
t B). Enough of operations (3) and (4) to balance the 


noment and vertical force at B are now added and the: 


um, operation (8), gives the pattern of moments for 
otation of A without B being in any way restrained. 

From this pattern the carry-over factor from A to C 
i 


3 seen to be — since 11 units of bending moment 
: II 


ed at A peau in g units appearing at C. 


The stiffness of the composite member ABC is obtained 
by comparing it with the stiffness of AB which has a 


rt I 
k value of I/— = 5—. 
5 iB 


AB subjected to a certain rotation at A exerts a 
moment of 34 units. ABC subjected to the same 
rotation at A exerts a moment of 11 units. Therefore 
the relative stiffness of ABC is :— 


II 
— relative stiffness of AB 
34 , 
pale JA I 
= —xX5— = 1.62— 
34° 2 L 


To analyse a structure containing such a member 
there remains the problem of the size of the moments 
produced by a sway of A relative to C. This problem 
is solved by allowing A to sway relative to B and using 
(3) and (4) to balance the moment and vertical er 
caused at B by this operation. 


Operation 12 shows the final pattern of moments. 
Again the sway moments are compared with those of 
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AB. The — value for AB is 
1 L? 


and the original 


sway produced end moments of 51 units. The same 
sway on the composite member ABC produces 4 units 
of bending moment at A. Therefore the same moment 
is produced by the sway of A as though it were one end 
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of a uniform member with — = — x 
ik 51 lL? 


= 1.96 — 
Ll? 


Similarly, the moment produced at B by sway is the 
same as though it were one end of a prismatic member 
with 


=91 5:30 
L 


Hence, the pattern of moments for any sway involving 
member ABC can be obtained. 


If loads are applied along the stanchion it will be 
necessary to find’ the fixed-end moments for the com- 
posite member. To do this the appropriate fixed-end 
constraints for the individual spans AB and BC are 
entered as in line (5) and relaxed using operations (3) 
and (4). 


This paper was written in the Department of Building 
and Structural Engineering, College of Technology, 
Manchester ; Head of Papeete W. B. McKay, 
M.Sc.Tech., M.LStruct.E. 
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Introduction to the 
Vacuum Concrete 


Discussion on Monsieur I. Leviant’s Paper 


In the Chair, Mr. J. E. Swinprenurst, O.B.E., 
M.1.C.E., M.I.Struct.E., President of the British Section, 
Société des Ingénieurs Civils de France, supported by 
Mr. E. GRANTER, B.Sc.(Eng.), M.I.C.E., President of 
the Institution of Structural Engineers. . 


The CHAIRMAN, in introducing M. Leviant, said it was 
a great honour to have a man of his calibre to address 
them, as a brief outline of his career would show. M. 
Leviant was educated at l’Ecole Polytechnique de 
Paris and l’Ecole Nationale des Ponts et Chaussées, and 
had commenced his administrative career in the Corps 
des Ponts et Chaussées as Engineer-in-Charge of the 
Control of Hydro-Electric projects in the south-west 
of France. Later he was engaged on similar problems 
on behalf of an important private company, in the 
course of which he prospected the Fouta-Djallon in 
French Guinea, formulating the plan for the requisite 
hydro-electric equipment. 

In the year 1944, M. Leviant was sent on an official 
mission to the United States, where he acted as technical 
adviser to his President, M. Jean Monnet, on the French 
' Supply Council, later succeeding him in that office in 
the years 1946 and 1947. 

In the course of his assignment in America he met 
Mr, Billner, the inventor of the vacuum concrete process, 
and returning to private life M. Leviant founded in 
Paris, in association with Mr. Billner and a financial 
group, the Société du Vacuum Concrete, which in the 
last four years had been entrusted with the development 

of these new processes in many lands. 

' He was also the author of a work entitled ‘‘ Hydro- 
Electric Schemes,” and many other technical publica- 
tions. In short, he was a man of great eminence, witha 
master’s knowledge and grasp of his subject. 


Mr. Leviant then gave his address, which was 
illustrated by numerous slides and a film. 


The CHAIRMAN said were it not for the fact that it was 
their custom for the Chairman to propose the vote of 
thanks to the lecturer, there would undoubtedly be a 
great rush for that honour as there could hardly be one 
person in the room who would not like to have that 
opportunity. They had listened with rapt attention to 
a lecture which made history. The vacuum concrete 
process was one which, although it was well outside its 
experimental stage, opened the door to far greater 
things. M. Leviant had been speaking from knowledge 
and from practice, and if they had learned one thing it 
was that they could not afford to neglect any system 
or any type of operation which would effect that economy 
which was so necessary in these days if the capital works 
which they so much desired to carry through were to 
be made practicable. 

Earlier in the evening M. Leviant had mentioned to 
him that he was not finding Britain aoe so conservative 


*Read before a Jownt Meeting of the Institution of Structural 
Engineers and the British Section of the Societe des Ingenieurs 
Civils de France at 11, Upper Belgrave Street. London, S.W.1, on 
Thursday, November 27th, 1952. Published in THE STRUCTURAL 
ENGINEER, Vol. XXX, No. 11, pp. 249-258. (Nov. 1952.) 
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in its methods as he had anticipated—speaking, of 
course, not in the political sense! He had been very 
pleased to hear that, but there was still much to be done 

Finally, he proposed formally that a most hearty vote 
of thanks be accorded to M. Leviant for his interesti g 
entertaining and inspiring lecture. 

Mr. E. GRANTER, seconding the vote of thanks, “sa id 
our enjoyment of the address had been added to con- 
siderably by M. Leviant’s excellent command of th 
English language. They were all glad when suck 
eminent Frenchmen, who were scientists and engineers S. 
came over and gave details of Continental practice an 
progress. In some ways they were ahead of thi 
country, and the knowledge of the interesting work 
being undertaken on the Continent kept us alert. 

During the previous spring he had driven across 
France and had seen a great deal of interesting engineer= 
ing and building work : villages which had been entirely 
demolished by the Germans had been practically rebuilt 
with the most attractive houses and public buildings. 

As President of the Institution of Structural Engineers, 
he warmly welcomed the British Section of the Société 
des Ingénieurs Civils de France, and also their Chairman, 
Mr. Swindlehurst, who was a Past-President of the : 
Institution. 


Discussion 


Dr. D. F. ORCHARD said that the vacuum concrete 
process had been used quite extensively abroad, notabil 
in the United States of America and in France, but he 
felt that even in those countries its full potentialities 
had not yet been realised and that if it was to progress 
further, both abroad and in this country, it might be- 
necessary to revise the normally accepted methods and” 
standards of design. 

Any new subject did not really start to make its ‘full gt 
progress until people began to discuss it and ask questions _ 
about it, and for that reason they were particularl + 
fortunate in having with them the man who had pioneere a 
the process in Europe. 

In his paper M. Leviant had offered an explanation’ 
of the action which went on in the vacuum concrete 
process and had inferred that there was some other action 
beyond the mere extraction of water and compaction 
of the concrete, and support was lent to that possibility 
by some tests which had been carried out in the research 
laboratories of the Cement and Concrete Association. 
In the course of those tests it had been noticed that a 
concrete of 1 to 6.2 mix which had been processed down 
to a water-cement ratio still as “ high”’’ as 0.59 was” 
quite capable of standing up on its own on a 12 in. face — 
after stripping of the shuttering, and he felt quite certa 
it would have stood up on a considerably higher facel 
It was significant that this concrete, when dug out’ and 
worked up again, resumed the characteristics that would — 
normally be associated with such a mix at that water- 
cement ratio, and it would be very nice to have M. 
Leviant’s further observations on that point. 

The speaker had emphasised that the process was 
one of squeezing the water out and not one of sucking 
it out : in the initial stage of the process the rate of 
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apaction was high and therefore the rate of with- 
wal of the water was high, and after a time—about 
een minutes, normally—the rate of compaction and 
refore of withdrawal of the water slowed up. That 
ae behaviour took place irrespective of the water- 
nent ratio at the start, and therefore the final water- 
nent ratio was dependent on the initial water-cement 
10. ; 

‘n the initial stages the concrete was compacted until 
: friction between the aggregate particles became so 
at that further compaction could not take place, 
e compaction progressed from the processing mat 
o the thickness of the concrete until such time as the 
istance to the further withdrawal of the water through 
» already compacted concrete near the mat became 
) great, and the inference to be drawn from that, in 
opinion, was that if something could be done to 
luce the internal friction between the particles, the 
ep part of the relation could be continued further. 
70 ways occurred to him in which that could be done : 
tly, by simultaneous vibration and, secondly, by 
» addition of some chemical to the mixing water to 
luce the friction between the particles, and he would 
glad of further information on those two possibilities. 
[The rate of reduction of the water-cement ratio in 
» initial stages was dependent on such variables as 
» thickness of the concrete being processed, the initial 
ter-cement ratio, and the quality of the mix, but 
er the initial period the rate of extraction did not 
pear tg be so sensitive to those variables. 


[he remarks which he had made referred to top 
cessing. As far as he knew up to now no similar 
ts had been carried out in this country for side pro- 
sing, but if the behaviour was similar then, under 
rmal circumstances, a reduction in the water-cement 
io of between 0.15 and 0.2 could be expected. That 
ing so, there was a possible way by which the normally 
septed mix design methods could be applied to the 
cuum process. If the final water-cement ratio was fixed 
give the strength required then from that could be 
tained the necessary initial water-cement ratio to 
the required final ratio, and that initial water- 
nent ratio would enable the mix to be designed to 
e the required workability. 

[he fact that the water-cement ratio at the start was 
ther, would enable the required workability to be 
tained with a considerably leaner mix. Alternatively, 
would be possible to start with a lower water-cement 
jo and end up with a very much lower one and there- 
e a considerably stronger concrete, and he would 
e M. Leviant to say in which direction he considered 
> Maximum economy could be obtained : i.e., either 
using leaner mixes or by going on, as they normally 
uld, and obtaining a very much stronger concrete. 
he considered the latter course was likely to be the 
tter one then some revision of the Code of Practice 
uld become necessary, and steels of higher tensile 
lue than the normal mild steel bars might well have 
be used. 

Reverting to the rather more practical side, he felt 
it the vacuum concrete process would open up great 
sibilities in the surface finishing of im situ work. The 
rmal methods of brushing and scraping and hosing 
ich had been applied up to now chiefly to pre-cast 
tk might be applied in future to im situ work. A 
ssible difficulty was that the type of mix which gave 
> best surface finish was not likely to be the best mix 
‘the vacuum process, but it might well be possible to 
ercome that difficulty. 

M. Leviant, in his paper, had made the statement 
it the bond between vacuum concrete and old concrete 


: 
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was excellent, and it would be of interest to know 
whether he considered that it might afford a possible 
way of overcoming the difficulties of obtaining adequate 
bond between, say, a 3 in. or I in. screed and an old 
concrete floor. The pressure exerted by the atmosphere, 
amounting to about three-quarters of a ton per square 
foot, might well help considerably to improve the bond 
with old work when very thin screeds were being laid, 
and further, the reduction in the water-cement ratio 
should assist by reducing the relative shrinkage. There 
had been a case in America where a 2 in. topping had 
been placed on an old concrete road : he had not so far 
seen anything in the American technical Press about 
the success or otherwise of that experiment, and he 
wondered whether the speaker had any information on it. 


M. LevIANnT, in reply, said that with regard to the 
special state of the pseudo-solidified concrete, at the 
end of the treatment the channels filled with water 
inside the concrete remained under depression ; they 
remained at an almost zero pressure which was in 
equilibrium with the atmospheric pressure owing to the 
fact that each of those channels ended with very curved 
menisca : if the channels were of the order of 3 microns 
in diameter an equilibrium could exist. The fresh 
concrete was in a state which, to a certain extent, was 
similar to prestressing: the water channels were not 
under tension but were under depression, which was 
similar to the tension of the prestressing wire ; they 
pulled on menisca, the latter playing the part of anchor- 
ages, and thus held together the skeleton of the aggre- 
gates, and that, to a certain extent, “‘ prestressed ”’ 
structure explained the additional self-supporting 
capacity of the concrete. 

As regards the initial withdrawal of water being more 
rapid than the withdrawal afterwards it should be made 
clear that the water-cement ratio during the treatment 
and as long as it has not been completed was an average 
and did not correspond to an evenly distributed water- 
cement ratio. In fact it was like having a cold wall and 
putting heat on one side of it : if the average temperature 
of the wall was measured one would see it growing, but 
that did not mean that the average temperature would 
be evenly distributed. The initial withdrawal of the 
water was higher becuase the layers which were in direct 
contact with the filter were the first to lose the water, 
and from there the flow of water went very rapidly 
because it did not have to cross an already compacted 
layer, but as the penetration of the treatment went 
deeper, so it had to cross thicker and thicker already 
compacted masses of concrete. It was the general 
diffusion law of physics which applied to heat transfer 
and to soil consolidation as well as to the vacuum 
treatment. 

The more rapid penetration was, of course, a target in 
which every user of vacuum concrete was interested, 
because theoretically it could go on indefinitely, subject 
to the cement being completely inactive, which no one 
desired. In fact the penetration became very slow 
after one foot in thickness, but there were methods of 
accelerating it. The use of vibration during the treat- 
ment, which is in fact a usual practice, would accelerate 
it, and if the vibration was made by the filter itself the 
water was drawn by the vibrating body towards the 
area from whence it was more easily and more rapidly 
extracted. All plastifiers facilitated the treatment and 
speeded it up, and everything which facilitated the 
movement of particles was favourable. 


As regards the choice to be made between a leaner 
mix (or there was another possibility—a more plastic 
mix to start with) and stronger concrete, the answer 
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was in fact that the variation of water-cement ratios 
through the treatment could be such that both advan- 
tages could be gained at the same time. In other 
words a more plastic and workable mix could be used, 
or a leaner mix, but nevertheless at the end a stronger 
concrete could be obtained. Naturally, the proportions 
could be adjusted to the local economic conditions. 
For example, in the United States they aimed at the 
maximum saving in labour, which meant that they 
favoured the most workable mixes and were not inter- 
ested in a saving of the cement content nor in the 
increase of strength to the same extent as in Europe. 
In Europe the tendency was towards stronger final 
products, which meant that instead of starting with 
liquid mixes they used plastic mixes and used vibration 
during the treatment, and at the end a stronger concrete 
was obtained which better suited the economic circum- 
stances. 


The bond of a thin crust of concrete applied to an old 
concrete was in fact improved, for three reasons : firstly, 
the new concrete could be poured in a plastic state, 
which meant that it had more chance of coming into 
close contact with the old concrete ; secondly, the 
compaction which pressed it against the old concrete, 
and thirdly, the reduction of the shrinkage of the new 
concrete, due to the reduction of the water-cement 
ratio, which reduced the causes of “ divorce’’ and of 
shrinkage cracks between the two. The road toppings 
which had been made in the United States several years 
previously had been tested and were still in excellent 
condition, and the bond was found to be very good. 
The same type of application had been repeated in a 
case of vertical elements: a dam which had been 
completely damaged through frost had a sheet of 
concrete cast against the old concrete, which was bonded 
again and resisted very well. 


The treatment of very thin precast slabs of large size 
was one of the developments on which they were now 
working, and M. Leviant produced a sample cut from 
a concrete slab which had been cast in a size of 4 ft. x 
8 ft. x 41m. thick, being reinforced with chicken wire. 
Such concrete slabs reacted like steel plates ; one 
surface, the bottom, when cast was shiny, like marble, 
through a special device, and the resistance which they 
had obtained on tests made in Austria gave 1,000 lb./ 
sq. in. tensile strength, measured in flexion. 


Mr. J. SINGLETON-GREEN (Hon. Librarian), referring 
to the splendid talk given by M. Leviant, said that 
whilst on holiday in Paris he had spent three days in 
M. Leviant’s office to learn about vacuum concrete. 
Each day they had started at nine o’clock in the morning 
and either M. Leviant or one of his assistants had 
talked to him until half-past six at night, the only break 
being for a marvellous lunch each day. At the end of 
the third day M. Leviant had said, ‘“‘ Well, there you 
are—you now have a brief outline of it ”’! 


There were two questions he wished to ask. The first 
was quite a fair one, i.e., could the author assure them 
that what applied to ordinary cement applied equally 
to all the special cements, such as rapid-hardening 
Portland, high alumina, quick-setting Portland, etc. ? 
The answer might be rather important—he was including 
cements containing admixtures. 


The second question, which was perhaps not quite a 
fair one, dealt with cost : they had had comparative 
figures, but could M. Leviant give them some idea of 
what the difference in overall cost would be, in any 
special case, having taken into account all the various 
factors ? 
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M. LEviAnT, in reply, said the question with regard 
to the type of cement was very pertinent because the 
vacuum treatment gave different results with different 
cements. They were in the process of making tests on 
different types of cement and had found that with 
certain of them peculiar things happened, but he hoped 
to be able in the near future to give additional informa- 
tion. For the time being all his statements applied te 
all Portland cements (including high early strength) and 
furnace slag cements ; before using other cements 
preliminary tests should be made. He had applied the 
vacuum treatment with various admixtures and it had 
worked very well—sometimes even more rapidly and 
more deeply. 


The question of cost was a very complicated | 


‘difficult one, and if he had known that Mr. Singleton 


Green had that in his mind he would have kept him in 
Paris for three more days! It should be clearly borne 
in mind that vacuum concrete was not a panacea for 
all ills ; on the contrary, it had a very definite field of 
application and outside that field it might be not only 
not advantageous but actually absurd. In fact the 
main problem was to define the field of its economic 
application, the main purpose of the process being 
savings—quality coming in addition to that. The main 
fields in which savings could be obtained were those of 
elements of large size (at least in one direction, like 
beams, or in two directions such as slabs, arches, pipes 
and walls). It did not apply to elements with no big 
dimension, like a brick, or to elements with three big 
dimensions, like a dam (except surface treatment). For 
elements of small size which could be produced by 
vibration alone vacuum concrete was not usually 
advisable because in that case it possessed no economic 
advantage : if one could vibrate very strongly and very 
thoroughly a small element using very dry concrete 
which immediately could be stripped that was the most 
that could be expected. Hence there was a field where 
vacuum concrete should be completely ruled out, and 
that was the policy which they had tried to apply. 


In the field where advantages could be gained by the 
vacuum method the economic advantages were not the 
same in all cases. In vertical structures, for instance, 
precast or cast im situ, the savings were bigger than for 
horizontal structures, even though in horizontal struc- 
tures such as floors cast 7m situ with the shutter beneath, 
one could strip the shutter twice as early, but it was 
not as striking as removing vertical shutters after 
fifteen minutes. To give a figure which was, of course, 
only a very rough indication, the savings in those cases 
where the process was recommended were in the neigh- 
bourhood of twenty to twenty-five per cent. of the value 
of the goods produced. For instance, on a large project 
where 5,000,000 sq. ft. of slabs were produced 250,000,000 
francs had been saved on a work of 1,000,000,000 francs. 


Mr. H. Kaytor (Associate-Member), referring to the 
case of the vacuum process being applied to columns 
or similar members where the mats might be on, say, 
three or even four surfaces, asked whether one was 
likely to obtain a difference of compaction so that in 
the interior of the column there might be a plastic area 
or zone with a denser area on the periphery which 
might give rise to cracks internally. Also, he would 
like to know what was the best amount of water tg 
remove. 


He had been very pleased to note the increase in 
bond strength and the reduction in shrinkage becausé 
one could make good use of that in prestressed concrete, 
particularly for pre-tensioned units. M, Leviant had 
mentioned in his paper that vacuum concrete had a 
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greater impermeability, and if one visualised the capil- 
ary channels as having an easy flow to the surface was 
the concrete going to be more impermeable or less ? 

To try to improve the concrete before they started 
lo put it in the job, had consideration been given to 
vpplying the vacuum process in the mixer? Would it 
aelp to get a stronger concrete to start with ? 


M. LevianT, in reply, said that with regard to the 
possibility of making a bad treatment, this, like every 
ther process, could be rightly or wrongly applied, and 
f it was not well applied one could have bad results. 
If one stopped in the middle of the process then one 
1ad not finished it. 

As regards the treatment of four sides of a column it 
was exactly the same as having a column which one 
wanted to warm up and asking whether, if one put four 
warm panels on the four sides the column would be 
completely warm and at the same temperature or 
whether there would remain a centre zone of cold? It 
lepended upon how long the column was heated, which 
meant that the matter of the length of treatment had 
0 be considered. In addition, the association of 
fibration to the treatment permitted both saving in 
ime and more uniform result at the end of the treat- 
nent. In vibrated (not vacuum treated concrete) one 
vad at the end of the vibration sometimes an uneven 
listribution of water-cement ratio: in the case of 
shutter vibrators one had sometimes a water-cement 
atio 15 per cent. higher in the neighbourhood of the 
shutters, but that was not the case in vacuum treatment : 
he outside would be the most dry but if it was properly 
lone the inside would be almost identical. 

It was not possible to say what was the best amount 
wf water to be removed, except that they were trying to 
emove as much water as they could because they all 
wad one target, namely, a water-cement ratio of 0.28 : 
hat was what they lived for but never achieved. The 
vorld record in vacuum processed concrete was 0.31 and 
hey had never been able to go below that, which meant 
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that they need have no fear of going to 0.27, which 
would be bad, so his advice was to remove as much 
water as possible. The amount of water which was 
removed was in fact not the result of their desires but 
of the proper way of designing the grading of the aggre- 
gates, because the final stage which was reached was 
the result of the grading. Sieve analysis was one of 
the things on which they had made extensive research. 

With regard to the question of “‘ capillary channels,” 
as a result of the percolation of water these were not 
formed during the treatment. It was not to be thought 
that cement particles, instead of being in a crowd, would 
suddenly—because of the flow during the treatment— 
stand in line and form sort of alleys. In point of fact 
the intersticial spaces remained in the same general 
form as before, which meant that they went in all 
directions like the streets in the old quarters of Paris : 
after the treatment they remained in that state but the 
general scale was reduced. They were squeezed together 
but they remained as tortuous as they were. The best 
proof was that the tunnel at Mucone, lined with vacuum 
concrete pipes, had now been put under pressure and 
on one mile there were losses of three-quarters of a 
litre per second. Vibration combined with vacuum 
was the essential factor for obtaining the maximum 
compaction and imperviousness. 

Vacuum in the mixer was a very old idea and patent 
which had nothing to do with the present process. It 
had been a complete failure because it started with the 
idea that it would be a good thing to close the vacuum 
mixer completely and suck the air out. It had been 
expected that one practical result of such vacuum 
mixers was that they avoided air being entrapped, but 
that was not true: air was entrapped, except it was 
depressed air ; and so in fact they were useless. 


The CHAIRMAN, speaking on behalf of the British 
Section of the Société des Ingénieurs Civils de France, 
thanked the Institution of Structural Engineers for 
all their assistance and the proceedings then terminated. 
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OBITUARY 


The Council regret to announce the death of HARRY 
Ewart HoLpEeNn, Scott HamiLtton Hume (Members), 
CHARLES GEORGE Monro (Associate), WILLIAM GIRVAN 
Brown and WILLIAM JOHN TAYLOR (Associate-Members). 


RESIGNATIONS 


Notification was given that the Council had accepted 
with regret the resignations of Gerald Patrick BARRETT, 
Herbert James Cook, Charles Owen Hooper, Francis 
Ernest WENTWORTH-SHEILDS (Members; William Fenton 
ANDERSON, Frederick Stanley VYALL (Retired Members) ; 
George Arthur Batpwin, Clifford WORTHINGTON 
(Associates) ; Angus George Forbes ALEXANDER, 
Ernest Foulis DEMPsTER (Associate Members) ; Kenneth 
Douglas Bunpy, Dermont McMurchy CAMPBELL, 
Leonard James CoLtyEeR, Angus Charles Etherington 
Duncan, Gerald KeEats, Kenneth John LE&IGHTon, 
Keith Dudley SANDIFER (Graduates) ; Desmond Vyvyan 
SPINDLER (Student). 
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WITHDRAWAL OF RESIGNATIONS 


The Council have accepted the withdrawal of th 
resignations of the following :— 
Peter John TANNER, of Peterborough (Student). 
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Joseph GIMPEL, of Cobham, Surrey (Associate Member) 


EXAMINATIONS 


The Examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 
July 14th and 15th, 1953 (Graduateship), and July oi 
and 17th, 1953 (Associate-Membership). 


ANNUAL DINNER 

The Annual Dinner will be held at the Dorchester 
Hotel, Park Lane, London, W., on Friday, May Ist, 
1953, at 7 o'clock for 7.30 p.m. The Principal Guest 
will be the Rt. Hon. Harold Macmillan, M.P., Minister 
for Housing and Local Government. Speeches will 
conclude at approximately 9.30 p.m., and will be 
followed by dancing until 2.0 a.m. Particulars have 
been circulated to members. 


SUMMER MEETING 


The first Summer Meeting of the Institution to be 
held since 1939 will take place in Scotland from May 2oth 
to 22nd, 1953. The Headquarters will be at the Royal 
Technical College, Glasgow, and members will have an 
opportunity of enjoying the hospitality of the Scottish 
Branch for certain items in the programme, particulars 
of which were circulated with the February issue of the 
Journal. On Thursday, May 2tst, a paper entitled 
‘“‘Engineering Aspects of the New Atomic Research 
Extension, University of Glasgow” will be given by 
Mr. D. M. Hamilton, B.Se., M.Eng., M.I.C.E. and Mm 
J. Hardie Glover, A. R.LB.A. Introduced by Professor 
Wise Marshall, B.Sc.(Eng.), Ph.D., M.1.Struct 
A.M.I.C.E. Members who wish to participate and wha 
have not yet applied for the requisite application forms 
are urged to write to the Secretary without delay. 


REPRESENTATION 


The Council have made the following nominations of 
members to represent the Institution :— 

COUNCIL FOR CODES OF PRACTICE FOR BUILDINGS 

Mr. Stanley Vaughan (Vice-President). 


EXECUTIVE COMMITTEE OF THE COUNCIL FOR CODES 
OF PRACTICE | 


Mr. Walter C. Andrews, O.B.E. (Past-President). 


London County Councit Districr SURVEYORS’ 
EXAMINATION BOARD 


Mr. L, E. Kent (Hon. Secretary) and Mr. E. R. Knight 
(Member) (re-appointment). | 


FORTHCOMING MEETINGS 
Wednesday, April 15th, 1953 

By courtesy of the British Section of the Societe des 
Ingenieurs Civils de France, members of the Institution 
of Structural Engineers and their friends are invited te 
attend a meeting to be held at the Iron and Steel Insti- 
tute, 4, Grosvenor Gardens, London, S.W.1, on Wednes- 
day, April 15th, 1953, at 6 p.m., when Monsieur A. 
Lazard, Chef de la Division des Ouvrages d’art de la 
S.N.C.F., will give a paper entitled ‘‘ La Plastification 
de l’Acier-Doux ”’ (Flexural Plasticity in Mild Steel). 
Members who so desire are cordially invited to take part 
in the discussion. 


pril, 1953 


The following meetings will be held at 11, Upper 
ielgrave Street, London, S.W.1 :— 


Thursday, April 16th, 1953 
An additional Ordinary Meeting will be held at 
1, Upper Belgrave Street, London, $.W.1, on Thursday, 
.pril 16th, 1953, at 6 p.m., when a paper on “‘ Economy 
1 the Use of Structural Materials,” will be given by 
Ir. G. A. Gardner, O.B.E., M.I.Struct.E., Chief Struc- 
aral Engineer, Ministry of Works, Mr. R. Morton, 
Eng., M.I.C.E., Deputy Civil Engineer-in-Chief, 
@miralty, and Mr. L. R. Creasy, B.Sc., M.LC.E., 
Yeputy Chief Structural Engineer, Ministry of Works. 
A limited number of advance copies of the paper will 
e available and may be obtained on application to the 
ecretary. 

Thursday, April 23rd, 1953 
An Ordinary General Meeting for the election of 
1embers will be held at 5 p.m. 


Cancellation of Meeting 
Baring to unforeseen circumstances, it has been 
ecessary to cancel the Ordinary Meeting which was to 
ave been held on Thursday, April 23rd, 1953. 


Thursday, May 14th, 1953 

An additional Ordinary Meeting will be held on 
hursday, May 14th, 1953, at 6 p.m., when Mr. G. M. 
rost (Member) will give a paper on “ The Structural 
spect of Power Station Design in South Africa.” 
Members wishing to bring guests to the Ordinary 
leetings announced above are requested to apply to the 
ecretary for tickets of admission. 


Thursday, May 28th, 1953 
Ordinary General Meeting for the election of members, 
p.m. 
Thursday, June 25th, 1953 
Ordinary General Meeting for the election of members, 
p.m. 
ANNUAL GENERAL MEETING 
The Annual General Meeting of the Institution of 
tructural Engineers will be held at the Royal Technical 
ollege, George Street, Glasgow, on Thursday, May aist, 
953, at 5.30 p.m. 


BENEVOLENT FUND 

The Annual General Meeting of the Voting Con- 
ibutors to the Institution of Structural Engineers’ 
enevolent Fund will be held at the Royal Technical 
ollege, George Street, Glasgow, on Thursday, May atst, 
953, at 5.45 p.m. 

PERSONAL 
Mr. K. R. Hoskins (Associate-Member) has set up in 
ractice as a Consulting Structural Engineer at Karamia 
hambers, Crown Lane, Wollongong, New South Wales, 
ustralia. 
Mr. J. F. Bagnall (Associate-Member) has taken up an 
ppointment as Civil Engineer, under the Colombo 
lan, to the Government of Ceylon. 


INSTITUTION AWARDS 
The following awards have been made for papers read 
efore the Institution and at the Branches during the 
ession 1951-52 :— 


ONDON (HEADQUARTERS) PRIZE 


‘Mr. F. R. Bullen, for a paper on ‘‘ Unusual Design for 
arge Constructional Shop.” 
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LANCASHIRE AND CHESHIRE BRANCH PRIZES 
Mr. A. Bolton, for a paper on “A New Approach to 
the Elastic Analysis of Two Dimensional Rigid Frames.” 
Professor J. A. I. Matheson, for a lecture on “ Plas- 
ticity and Structural Design,” 


MIDLAND COUNTIES BRANCH PRIZE 


Mr. F. Brooksbank, for a paper on “‘ Designing for 
Welding.” 


NORTHERN COUNTIES BRANCH 


Mr. G. 5S. Gowland, for a paper on “ 
Structural Trade in the U.S.A.” 


NORTHERN IRELAND BRANCH 
Mr. A. H. K. Roberts, for a paper on “‘ 
Applications of Prestressed Concrete.”’ 


Impressions of the 


Some Practical 


WESTERN COUNTIES BRANCH 

Mr. J. A. Newton, for a paper on “ The Civil and 
Structural Engineers’ Contribution towards the Re- 
construction of Stapleton Road Gas Works.” 


CODE OF = PIRACTICH e322 


“THE STRUCTURAL USE OF TIMBER IN BUILDINGS ”’ 

The Council for Codes of Practice has now issued in 
final form, Code 112, “‘ The Structural Use of Timber in 
Buildings,’’ with which is incorporated Sub-Code 112.100, 
‘Preservative Treatments for Timber Used in Buildings,”’ 
prepared for the Council by a committee convened by 
the Institution of Structural Engineers. 

The Code deals with the design, fabrication and 
erection of structural timber work. It is based on the 
principles of engineering design and on data established 
by research. 

It gives recommendations for the quality of materials, 
the moisture content of timber for various purposes and 
the permissible stresses appropriate to particular con- 
ditions of loading and service. Design data for the use 
of nails, screws, bolts, connectors and adhesives are also 
included. 

Recommendations are given for a method of test for 
components or assemblies of unconventional design 
which may not be readily amendable to detailed analysis. 

Sub-Code 112.100 which is incorporated in the main 
Code, deals with the preservation of timber by means 
of wood preservatives against fungal and insect attack, 
but not with protection against fire or mechanical 
damage, nor with the methods of minimising the decay 
hazard of untreated timber by means of seasoning, 
ventilation and painting. 

Copies of the Code (including the Sub-Code) may be 
obtained from the British Standards Institution, 24/28, 
Victoria Street, London, 5.W.1, price ros. 6d., post free. 

Copies of Sub-Code 112.100 are also issued separately, 
price 3s., post free. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 

The next meeting of the Section will be held on 
Tuesday, April 14th, at 11, Upper Belgrave Street, 
London. S.W.1, at 6 p.m., when the following films will 
be shown by courtesy of the Aluminium Development 
Association :— 

“This is Aluminium,” ‘“ Fabrication of Aluminium 
Alloys’”’ and “‘ Heat Treatment of Aluminium,” 

Hon. Secretary: C. Allen Brown, 43, Coolgardie 
Avenue, Highams Park, London, E.4. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 
The Branch Annual Dinner and Ladies’ Evening was 
held at the Longford Hall, Stretford, on February 3rd, 
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1953, and was attended by approximately 120 members 
‘ and guests. The Chairman, Mr. W. Bates, M.I.Struct.E. 
and Mrs. Bates, were supported at the Reception by 
the President of the Institution, Mr. E. Granter, B.Sc., 
M.L.C.E., M.I.Struct.E., and Mrs. Granter, and Dr. P. 
F. R. Venables, B.Sc., F.R.I.C., President of the Royal 
Institute of Chemists, and Principal of the Royal Tech- 
nical College, Salford, and Mrs. Venables. 

At the conclusion of the Dinner, the Loyal Toast was 
proposed by the Chairman. Dr. Venables proposed 
the health of the Institution and Branch, to which 
responses were made by the President and Chairman. 
Professor J. A. L. Matheson, M.B.E., M.Sc., M.I.C.E., 
Vice-Chairman, proposed the health of the Guests, to 
which Mr. McLellan, of the Manchester Association of 
Engineers, replied. At the conclusion of the speeches 
dancing took place until r a.m., Mr. C. F. Davies, 
A.M.1.Struct.E., acting as M.C. Light refreshments 
were served and it was unanimously agreed that a very 
successful function had been held. 


The following meeting has been arranged :— 


Wednesday, April 29th, 1953 


Annual Business Meeting. Films : “ British Steel ”’ 
and “A Plan Takes Shape,’ at the Reynolds Hall, 
College of Technology, Manchester, at 6.30 p.m., pre- 
ceded by tea at 5.45 p.m. 

Hon. Secretary : A. S. Sinclair, A.M.1L.Struct.E., 17, 
The Circuit, Cheadle Hulme, Cheshire. 


MIDLAND COUNTIES BRANCH 


The following meetings have been arranged :— 


Tuesday, April 14th, 1953 
Mr. V. H. Lawton (Member), on “Some Notes on 
Designing to B.S.449,”” at the Welbeck Hotel, Notting- 
ham, at 7 p.m. 
Friday, April 24th, 1953 
Annual General Meeting, followed by paper by 
Mr. O:- W. Jones, B.Sc., A.M.LC.E.; (Member), ‘on 
“Reinforced Concrete Foundations and Structures for 
Blast Furnaces, and Materials and Handling Plant at 
Shotton, Nr. Chester,” at the James Watt Memorial 
Institute, Birmingham, at 6 p.m. 
Hon. Secretary : L. A. Firminger, A.M.I.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 


MIDLAND COUNTIES BRANCH—GRADUATES’ AND 
STUDENTS’ SECTION 


Hon. Secretary : F. G. Fletcher, 60, Brean Avenue, 
South Yardley, Birmingham, 26. 


NORTHERN COUNTIES BRANCH 


Hon. Secretary: O. Lithgow, A.M.1.Struct.E., 4, 
Stoneleigh Avenue, Acklam, Middlesbrough. 


NORTHERN IRELAND BRANCH 


Hon. Secretary : S. G. Duckworth, M.I.Struct.E., 
“« Lisleen,”’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 


The following meeting has been arranged :— 


Tuesday, April 14th, 1953 


Annual General Meeting, at the Ca’doro Restaurant, 
Union Street, Glasgow, at 6 p.m. 

Hon. Secretary: D.G. Drummond, B.Sc., M.I.Struct.E., 
A.M.I.C.E., 11, Woodside Terrace, Glasgow, C.3. 
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SOUTH-WESTERN COUNTIES BRANCH q 
Hon. Secretary: E. W. Howells, M.I.Struct.Ej 
c/o Messrs. T. L. Harding & Sons, Ltd., 10-12, Marker 


Street, Torquay, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 


The following meetings have been arranged :— 


Tuesday, April 14th, 1953 
Mr. J. R. M. Poole, on “ Recent Developments ir 
Timber Structures,’ at the South Wales Institute o: 
Engineers, Park Place, Cardiff, at 6.30 p.m. 


Friday, April 17th, 1953 
Mr. R. G. Braithwaite, M.1.C.E., on “‘ Electric Screw 
Piling,”’ in the County Buildings, Rhiw Road, Colwyr 
Bay, at 6 p.m. 


Wednesday, May 13th, 1953 
Annual General Meeting at the Mackworth Hotel 
Swansea, at 6.30 p.m. 
Hon., Secretary > ~G. RR. Breton; aoa CE, 
A.M.1.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. | 


WESTERN COUNTIES BRANCH 
The following meeting has been arranged :— 


Friday, April toth, 1953 

Annual General Meeting, followed by film show 

and/or papers presented by Junior Members, in th« 

Geology Lecture Theatre, University of Bristol, a 

6 p.m. Tea at 5.30 p.m. : 

Hon. Secretary: E. Hughes, A.M.I.Struct.E., 39 
Effingham Road, St. Andrew’s Park, Bristol, 6. 


YORKSHIRE BRANCH 


The Fourth Ordinary Meeting of the Yorkshir 
Branch was held on Wednesday, January 21st, 1953, a 
6.30 p.m., in the Great Northern Hotel, Leeds, and wa; 
attended by about 50 members and visitors. Thi 
Chairman, Mr. D. R. S. Wilson, introduced the speaker 
Mr. Donovan H. Lee, B.Sc., M.I.C.E., M.1.Struct.E, 
M.I.Mech.E., M.Am.Soc.C.E., ‘who gave ‘a very interest 
ing paper on “ Design of Prestressed Concrete,” illus 
trating his talk with a film and lantern slides. Numerou 
questions and discussion followed, and the meetin 
closed with a vote of thanks to the speaker. 


The following meetings have been arranged :— 


Friday, April 17th, 1953 


Annual Dinner and Dance at the Parkway Hotel 
Bramhope, Leeds, at 7 p.m. 


Wednesday, April 22nd, 1953 
Annual General Meeting, followed by Mr. J. Dosso1 
M.I.C.E., A.M.I.Mech.E., (Member), on “‘ Sea Defence 
Works,” ‘at The University, Leeds, at 6.30 p.m. 
Hon. Secretary : E. Wrigley, A. M.L. Struct.E., 17,0 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.L.C.E 
A.M.L.Struct.E., P.O Box 3306, Johannesburg. Durin 
week- -days Mr. Tait can be contacted in the City En 
gineer’s Department, City Hall, Johannesburg . ’Phone 
34-1111 Ext. 257. 

Natal Section Hon. Secretary: E. G. Bennett 
A.M.I.Struct.E., c/o Reinforcing Steel Co., Ltd., P. 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.I.Struct. 
P.O. Box 1692, Cape Town. 


ie 
) 
‘ 


t 
7 


# Summary 

A paper! presented recently by Professor J. F. Baker 
; shown the essential simplicity and economy of the 
istic method of design of rigid framed steel structures. 
e method has been supported by results from tests 
th on miniature? and on full-scale frames?, and in 
sw of the ease with which it can be applied, it is 
ought to be of interest to publish results of a theoretical 
vestigation into the material consumption of such 
mes. In fact, an earlier paper* has dealt with the 
oblem of the exact determination of cross-sections in 
der that minimum weight design might be achieved ; 
wever, the solutions were derived by means of sets 
linear inequalities for the quantities required, in- 
lving heavy computational labour. The present paper 
andons the idea of obtaining exact solutions ; instead, 
is shown that upper and lower bounds may be found 
- the minimum material consumption, and that these 
unds may be made sufficiently narrow for practical 
rposes> 
3 Introduction 

The basic ideas of plastic design have already been 
yn in detail by Professor Baker!, and these are 
mmarised below. This author considers also the 
mplications arising from the effect of axial loads and 
ear forces on a member subjected mainly to bending ; 
- the present purposes, and to simplify the presenta- 


m, it will be assumed that these effects are negligible, 


hough they can be incorporated readily in the theory. 
addition, it will be supposed that each member is 
equately supported laterally so that instability of 
y kind cannot occur ; thus, failure takes place only 
bending. 

The full plastic moment of any section is defined as 
> maximum bending moment that the section can 
ity ; it has the property that at any location in a 
ucture where such a moment exists, rotation can 
<e place under that (constant) moment. The moment- 
rvature relationship will thus be as shown in Fig. I, 


_ Momenr 


: 

z. 

a 

: CURVATURE 
4 Fig. 1 


a the full plastic moment has the value M,: the 
mt in a structure at which M, is attained is known 
plastic hinge. Collapse of a redundant structure 
place when a sufficient number of plastic hinges 
to transform the whole or a part of the structure 
mechanism of one degree of freedom. 

problem discussed in this paper may be stated as 
s : given the geometricalyconfiguration of a frame 
h is acted upon by specified fixed loads, how should 
€ various members be proportioned so that the total 
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lastic Design of Plane Frames 
| Ho for Minimum Weight 


- By Jacques Heyman, M.A., Ph.D. 


weight of the structure is as small as possible? It will 
be assumed that some load factor (a constant multiplier) 
is incorporated in the values of the loads so that although 
the frame is designed to collapse, normal working 
conditions will obtain when the loads have a. fraction 
only of their design values. 

In order to develop suitable methods for design, it 
will be assumed that a continuous range of sections is 
available, so that a section can be chosen with any 
specified full plastic moment. The total material 
consumption (X) of a structure will be taken as 


xX = =M ala . . . e . . . ° . (x) 


where 1, is the length of the mth member of a structure 
whose full plastic moment is Mn. 

This linearised relationship will be used only as a 
tool for the determination of the various values Mn in 
the different portions of the structure. It has been 
shown’ that the beam and_ stanchion sections 
determined in this ‘way for single-bay portal frames 
under several conditions of loading correspond exactly 
to the results obtained by a more exact analysis® using 
a practical relationship. In fact, any plastic moment/ 
weight curve of roughly the right “‘ shape ”’ will lead to 
minimum weight sections that are exactly or very nearly 
correct. 


Upper and Lower Bounds on Collapse Loads 

Before proceeding to the minimum weight design of 
frames, it will be useful to state the theorems which 
have been proved® for the analysis of given frames. 
Since this paper is concerned with non- varying loads, 
it is convenient to specify the system of loads as ratios 
of one of their number, so that the term “ collapse load ” 
implies the whole system. 


An Upper Bound for the Collapse Load of a Given 

. Frame 

If a number of hinges is inserted arbitrarily into the 
frame in order to turn it into a mechanism of one degree 
of freedom, then a virtual work equation may be written 
in which the work done by the load during a small 
displacement of the mechanism is equated to the work 
dissipated in the hinges during the same displacement. 
The value of the load resulting from this equation is 
always either greater than the true collapse value, or, 
at most, equal to the true value if the actual mode of 
collapse has been chosen by accident. Thus an upper 
bound may be derived. 


A Lower Bound for the Collapse Load of a Given 
Frame 


Suppose a value of the load can be discovered for which 
it is possible to construct an equilibrium bending moment 
distribution that nowhere in the frame violates the 
collapse condition ; that is, the bending moments at 


- each section must satisfy not only the independent 


equations of equilibrium, but must also be less than, or 
at most. equal to, the fully plastic moments at those 
sections. Then the value of the load corresponding 
to this equilibrium system is always less than, or, at 
most, equal to, the true collapse value. Thus a lower 
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bound may be derived. For the application of this : 


theorem, it is not necessary that the bending moment 
distribution be the actual one that would occur under 
the load ; any equilibrium distribution which does not 
violate the collapse condition will give a lower bound. 
[It may be noted that in the application of the first 


theorem the assumed bending moment distribution’ 


corresponding to the plastic hinges will not satisfy in 
general the equilibrium conditions, so that attention is 
concentrated only on the kinematic behaviour of the 
frame ; while in the application of the second theorem, 
the compatibility conditions will not usually be satisfied, 
attention being. concentrated only on the equilibrium 
equations. Both conditions of course are satisfied for 
the true value of the collapse load. ] 


Upper and Lower Bounds on Minimum Weight 


The theorems for bounds on minimum weight follow 
from, the two theorems stated above. 


A Lower Bound for the Minimum Weight 


Consider a frame to be divided into two parts by some 
arbitrary dividing line. The two parts of the frame 
will be referred to as parts A and B. Now suppose 
that part B of the frame is “ frozen,” that is, the mem- 
bers within that part are made so strong that there is no 
possibility of their being concerned in the collapse of the 
frame as a whole. Suppose now that part A is designed 
to collapse under the given design load, and that in 
addition, the members comprising part A are so 
proportioned that minimum material consumption is 
achieved for this part alone. Let Wa be the weight 
of part A, and Wz the weight of part B determined by 
considering the collapse of part B alone with part A 
“frozen.” Then the minimum weight W of the frame 
as a whole is greater than the sum of the minimum 
weights of the two parts determined in this way. An 
immediate corollary of this theorem, which may be 
proved by successive applications, is that one or both 
.of the two parts may be subdivided into component 
parts, so that in fact the original frame may be sub- 
divided into as many component parts as is considered 
necessary. 

Proof : Suppose the sections derived by dividing the 
frame into two parts are expressed as multiples of the 
section of one member of the frame whose full plastic 

moment is M,. Now portion A of the frame has been 
designed to collapse under the given load. But the 
mechanism associated with this collapse mode is a 
mechanism of collapse of the frame as a whole, and 
similarly the mechanism for the collapse of part B is a 
mechanism of collapse of the frame as a whole. Hence 
the collapse load of the whole frame whose sections are 
specified in terms of M, must be less than the given 
design load, by the upper bound theorem on the load 
factor given above. In order then to achieve collapse 
of the whole frame under the design load the section 
moments M, must be increased, and the weight of the 
whole frame becomes greater than (Wa + We). It 
remains to be shown that, although this new weight is 
not of course the minimum weight of the whole frame, 
there is no possibility of transferring material from 
part A to part B in such a way that W<(Wa+ Ws). 
Since W, is by definition the minimum weight of part A 
considered alone, any reduction below Wa in the 
material used for this part of the frame would result in 
immediate collapse of this part, and similarly for part B. 
This completes the proof of the theorem. 


An Upper Bound for the Minimum Weight 
Suppose any arbitrary bending moment distribution 
is determined that is in equilibrium with the given 


design load, and that section moments are assigned 
the various members such that the collapse condition 


bound on the minimum weight of the frame. ay. 
Proof : Suppose the sections derived from the equi: 
librium bending moment distribution are expressed as 
multiples of the section of one member of the frame whos 
full plastic moment is Mo. By the lower bound theoren 
on the collapse load for a given frame, the actual collapsi 
load of the frame must be greater than the design load 
Hence the sections of the frame must be reduced ir 
order that collapse should occur under the design load, 
so that the weight of the frame determined in the above 


way must be greater than the minimum weight. This 
completes the proof of the theorem. 3 
Applications ; 4 


Example 1. It is required to design the simply 
supported beam, with an intermediate support, carrying 
the loads shown in Fig. 2. The full plastic moment o 


7 


te, Leaky 9 


rol F fe ee gq 
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the beam used in the left-hand span will be denoted by 
M,, and that of the beam used in the right-hand span 
by M,. Equation (1) for the material consumption may 
be written 

X= My bh aM yee) eee 
The minimum material consumption of the system as é 


‘whole will be denoted by W. 


Suppose the left-hand beam to be made so strong thai 
collapse occurs only in beam 2. This latter beam can br 
designed as the propped cantilever shown in Fig. 3. I 
is clear for this simple system that the collapse 
mechanism is as shown in Fig. 4, where the rotation a 


ee 


Fig. 3 


Fig. 4 


the left-hand hinge is @ and at the centre hinge 20. Th 
total work dissipated in the hinges is thus 30M,. Thi 
deflection of the load is 26, so that the work done durin; 
the displacement is 246; equating these two valu 
gives immediately that M, = 8. Similarly, the min: 
mum value of M, is M,; = 2. Hence from Equation (2) 
We x t= fo: Ma SOO RR RR CR ERS TST ers bees || 
For the determination of an upper bound on W, conside 
the collapse of the system shown in Fig. 5. The momer 
of the left-hand span has been taken as M, and that ¢ 
the right as 4M, corresponding to the ratios found f 
the lower bound. It is easily shown that the collap 
mechanism is that given in Fig. 6, and by the equatic 
of virtual work et a 
12.20 = M.0 + 4M.20 


i.e., M = 8 e aa ee oI a oY 


\ 


on is in equilibrium with the applied loads, and, further- 
1ore, although plastic hinges are formed at two sections 
f the beam, the collapse condition is nowhere exceeded. 
he distribution, in fact, satisfies the conditions for an 
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; 4.800 ae 
f Fig. 5 


pper bound, and the total weight of the beams cor- 
ssponding to M, = 8/3, Mz, = 32/3 is greater than the 
linimum weight of the system. Hence 


NAG Bhi el ee eee (5) 
r, combining Equations (3) and (5) 
mesa es 3d Oi Ct us eck? oP)» Sa (0) 


‘his technique of using a kinematic solution in order to 
btain an equilibrium solution will be used in the later 
xamples. It will be noted that an arbitrary ratio of 4 


ae “Fig. 6 


mas taken for the two full plastic moments of the spans ; 
ny other ratio will give a different value for the upper 
ound. Suppose that the full plastic moment of the 
ight-hand span is aM, that of the left being Mo. Then 


Fig. 7 


f collapse occurs by the same mechanism (Fig. 6), it is 
asily shown that 

4 24 

q : Mo =. 

‘. monty 20 

r addition, the material consumption, from Equation 


(7) 


2), is given by 
x a My 4a) Be Mia ees ara aatty AO) 
D 


, 


m I+ 4a 
X = 24 goat dais a <7 AG) 
; I+ 2a 


rom this equation, for X to be as small as possible, the 
tio a should be reduced to its lowest possible value. 
t the smallest value that @ can take for failure to 
cur by the assumed mechanism is a = I, since it was 
umed in deriving Equation (7) that the hinge at the 
termediate support was formed in the left-hand span. 
Jith this value of a, the value of X given by Equation (9) 
comes X = 40, so that 

ESE ARR ae Stet ae 2) 


‘ 
0 that, eliminating Mo, 
ae 


he collapse bending moment distribution corresponding | 
) this value of M is shown in Fig.7. Now this distribu- — 
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To complete the investigation of the variation of the 
ratios of the two spans, it can be shown that for aXr, 


. with the hinge at the support occurring in the right-hand 


span, the material consumption is given by 


8(I + 4a) es 
ES Seal we el ese en eee fae her miei ie een tRAe 


For the minimisation of X, a should in this case be made 
as large as possible, that is, a = 1, and the value of X 
is again 40. A uniform beam in the two spans is in fact 
the best design for this particular example, and the 
solution of the problem is W = 4o, 2 


Discussion of the Application of the Method 


It will be seen in the above example that the lower 
bound on the mimimum weight, although appreciably 
below the final value for W, cannot be improved by 
successive applications of the theorem. There is only 
one way in which the system can be divided into two 
parts, and that is by a dividing line at the intermediate 
support. The upper bound, however, can be reduced 
by stages, since there are an infinite number of possible 
equilibrium bending moment distributions. The situa- 
tion is exactly analogous to the determination of the 
collapse load for a given frame ; the bound given by the 
construction of a mechanism cannot be improved 
indefinitely, as there are only a finite number of possible 
mechanisms, whereas the bound derived from an 
equilibrium solution can be made to coincide with the 
true value of the quantity required. For this problem 
of the continuous improvement of the bound obtained 
from a mechanism, the author and Nachbar’ have 
suggested the use of mechanisms of many degrees of 
freedom, and have shown that the upper bound on the 
collapse load can in fact be made to coincide with the 
true collapse load. More recently, Neal and Symonds® 
have considered the combination of a large number of 
independent local collapse mechanisms ; this method 
gives a very quick and systematic method of improving 
the kinematic solution. (It is used below as a step in 
the determination of the true mode of collapse for 
another example in minimum weight design.) The 
problem of improving the bound becomes less important 
in general as the number of redundancies of the frame 
to be designed increases. Since there are a large number 
of mechanisms of failure of a highly redundant structure, — 
it is likely that one at least of these will give a bound 
that is very close to the true solution. It is probable 
that a method for the improvement of the lower bound 
in minimum weight design would take place along one 
or both of the lines mentioned above... 

The general technique for the minimum weight design 
of beams and plane frames recommended in the present 
paper may be tabulated as follows : 

1. Divide the frame into as many separate parts as- 
possible, and calculate the minimum weight for each 
part. The sum of these weights will give a lower bound 
on the minimum weight of the whole frame. 

2. This bound will be in all probability rather crude. 
For its improvement, it should be noted that if the frame 
is divided into fewer and larger parts, the sum of the 
minimum weights must be increased. Hence the 
possibility of combining several small parts of the frame 
should be explored, if this can be done in such a way 
that the calculation of the minimum weights of the 
various parts is not made too laborious. . 

3. The section moments determined in the solution for 
the lower bound will probably be in roughly the right 
ratios for the final solution. Hence, using these ratios 
of the full plastic moments for the various components 
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of the frame, a frame may be designed which will just 
collapse under the given design loads. The resulting 


weight of the frame is then an upper bound on the 


minimum weight. 


4. The upper bound may now be lowered.. Specifying — 


the full plastic moments of the members of the frame 
as ratios of the full plastic moment of one member, and 
investigating the variation of one member at a time, an 
equation similar to Equation (9) may be written. This 
equation will immediately indicate whether the size of 
the member under consideration should be increased or 
decreased. The writing of the weight equation implies 
that the mode of collapse is unchanged by the variation 
in size of the member ; this fact will give limits to the 
range of variation possible. On the introduction of a 
new mode of collapse, the weight equation must be re- 
_ written and the process repeated. By the consideration 
of each member of the frame in turn, the HDbes bound 
may be continually decreased. 
Example 2. It is required to design the single- 
storey, two-bay frame shown in Fig. 8. The two beams 


Fig. 8 


have different sections 7, and M, and the three stanch- 
ions have the same full plastic moment M3. 

1. The frame may be divided into three parts shown as 
the independent mechanisms in Fig. 9. As _ these 


! L : | . 
(A) | 
(8) 


Fig. 9 


mechanisms correspond to those required in the method 
described by Neal and Symonds’, it will be convenient 
to tabulate the appropriate calculations. The waite 
of the moments required for each mechanism are M, = 

2, M, = 1, M; = 1, determined as follows from the 
virtual work equation : 


(a) pan. J . 
(8s) 4M, =4 2) ath ie hcg tee eee ae ace) 


(y) cane 


In oh case in ‘Equations fey the: alte of the a 
plastic moment is found by equating the work dissipatec 
in the hinges to the work done by the applied loads, ‘ 
rotation @ being a common factor of both sie a 


given by 


RR io(My f Mists My) at ae a 

For the minimum values of the members given above, ~ 
XO 4 

so that W=9 PRR Aes ad 2 (14 


of the frame is to combine the left-hand beam with 

stanchions, leaving the right-hand beam to be designe 
separately as M, = 1. Suppose that failure of the 
larger portion of Ve frame occurs by the mode shows 
in Fig. 10 (beam M, is taken to be rigid, so that a hinge 
cannot be formed inits length). IfM,=aM,M,= a 
then the equation of virtual work becomes 7 


$ 
14 = MG BR) ee a 


The material consumption for the stanchions and th 
left-hand beam is given from Equation (13) as 


2.A way of increasing the size of the component “ 


x4 = 2M, + 3M; : 

Or. %. == M3 +e aay i) pea eas oa 

so that, using Equation (15) } ' 
14(3 + 2a) ‘i 

MMe eerie Ny 

(5 + 3) 


For x to be as small as possible, a should be decreased 
the minimum value of a is governed by the conditior 
that the collapse criterion should not be exceeded at th 
left-hand end of the beam. The minimum value of ¢ 
is determined from this condition as 13/9, with M = I 5 
so that the minimum value of x is 


88 i a 
Speake Pe Bi, ee 


3 Te the determination of an upper bound, assum¢ 
in the first instance that the members have full plastii 
moments given by M, = 2M, M, = M, Mz = M 
Combining the three mechanisms in Fig. 9 in sucha wa 
that the collapse load is a minimum, the collapse mod 
shown in Fig. 10 is found to be correct. The correspond) 


"ing value of M can be determined by combining («) an¢ 


(y) in Equations (12) : | 

4(2M) + 6(M)—(M+2M)=8+6 . (20 
The subtraction of 3M from the left-hand side i 
Equation (20) is due to the rotation of the joint at the 
left-hand end of beam M,. Thus, M is found to haw 
the value 14/11, and an upper bound may be writte1 


for the weight ; using Equation (13), the bounds are 
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4. In order to improve the upper bound, suppose thai 
M, = aM, M, = 6M, and M, = M. Ie the collapst 
mechanism i is the same, Fig. 10, the equation of virtual 


Fig. 10 


Fig. 11 


work is again given by Equation (15), and the materia 
consumption is given by 


X= M(3 + 2a+ 2s) ..... (2 
3+ 2a + 2b 

oD x = {et oui Lor eee 

5a Sane : ; 


ee. 
quation. 
duced in value : but any reduction in the value of 5 
immediately changes the mode of collapse of the frame 
‘that shown in Fig. 11. The equation of virtual work 
ust be written again for this new mode, 

‘4 M5 ea 2b) ew (24) 
id combining with Equation (22) 


e 3+ 2a + 20) 
ers era ar eo 5) (25) 
Oe 5 + 2a + 26 


his last equation shows that 0 should still be reduced, as . 


tould a. However, the variation of a and b will be 
westigated separately. Keeping a fixed at the value 2, 
may be decreased until the full plastic moment is just 
ached at the centre of the right-hand beam. The 
ution of the various equations gives 


ak 3 } (26) 
-  M = 4/3 ae 


‘is a that bM = 1, that is, the minimum possible 
ction is being used for the right-hand beam. Keeping 
ie full plastic moment of this beam fixed at the value 1, 
le value of a may be reduced until a third hinge is 


rmed at the joint between the two beams. At this 
Barton, 
aaY7/TO 
wb = 7/10 Ait OO eae en 78) 


i M = 10/7 

id the location of hinges in the frame is as shown in 
ig. 12. If ais lowered further, the mode again changes 
that shown in Fig, 13.. For this mechanism, @ should 


Fig. 12 


; Fig. 13 
: increased in order to achieve minimum weight ; the 


ilues given in Equations (27) are in fact the best design 
t the frame. Substitution into Equation (22) gives 


Mess iW pri Soke. a a (28) 
Example 3. Asa final. example of the application of 


P method, the frame in Fig. 14 will be designed for . 


g 


5 Fig. 14 


S weight. The four beams all have different 
tions, and the stanchions at each floor level are 
ntical. Crude bounds only will be derived, although 
SE Mate ae pacar with very little labour. 


(23). shows immediately that should be 
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If the collapse of each beam and the stanchions is 
considered separately, the following minimum section 
moments are required : 


Mi == 2 
Ma ==>1 
diy (eI 
(29) 
M, = 4 
M, = 3 
IVE gf == 12) 


The total weight of the frame can be expressed as 
X = 2M,+ 2M, + 3M, T 2M, + 2M; + 3M, (30) 
so that 
WOE Me SA Z 0) ak See cect Pee tae 18 


This bound can be xanreved by increasing the size 
of the component parts of the frame. If M,, M;, and 
M, are calculated separately to have the values given 
in Equations (29), but the remaining members combined 
together as one unit, then the immediate problem 
becomes one of the design of the single-storey, two-bay 
portal formed by the top half of the frame. Now this 
subsidiary frame has already been designed in Example 2, 
and was shown to have a minimum weight of 11.1. Thus 
a better design to give a lower bound for the whole 
frame is 


M, = 17/7 | 
M, ee 
M, = 10/7. 
ue ish eae 
M, = 4 
M, = 3 
IVE. gta 
and the new lower bound is 
Wee23tete 0 Saag 


An analysis of the frame as a Awhile shows that all these 
values of the moments should be increased by a factor 
1.23 to give a design which is on the point of collapse, so 
that W lies between the limits 

Bie PANy al | cane a oh ee AR alt eee) 
The effect of dividing the nae mae a small number of | 
large parts, that is, parts containing several members, 
is to turn the analysis of a complicated frame into the 
analysis of a number. of smaller and more simple frames. 


References 


1Baker, J. F. ‘‘ The Design of Steel Frames.’’ j. INsT. 
STRUCT. ENGRS., Vol. 27 (1949), Pp. 397. 

2Baker, J. F., and Heyman, Jacques. “‘ Tests on Miniature 
Portal Frames.’’ J. INST. STRUCT. ENGRS., Vol. 28 (1950), p. 139. 

$Baker, J. F., and Roderick, J. W. ‘‘ Tests on Full-Scale 
Portal Frames.” Proc. Inst. C. Engrs., Part I, Vol. 1 (1952), 


4Heyman, Jacques. “ Plastic Design of Beams and Plane 
Frames for Minimum Material Consumption.’ QUARTERLY OF 
APPLIED MATHS. 8 No. 4, Pp. 373. 

5Plastic Design of Single Bay Portal Frames. British Welding 
Research Association Report FE.1/2 (August, 1947). 

6Greenberg, H. Jy and Prager, W. “On Limit Design of 
Beams and Frames.”’ Trans. A.S.C.E., Vol. 117, (1952), p. 447. 

?7Heyman, Jacques, and Nachbar, Ww. ““ Approximate Methods 
in the Limit Design of Structures,” ‘Proc. First U.S. Nat. 
Congr. Appl. Mech. 1951. 

®Neal, B. G., and Symonds, P. S. ‘The Rapid Calculation 
of Plastic Collapse Loads for Framed Structures.”’ Proc. 
Inst. C. Engrs., Part III, Vol. r (1952) p. 58. 


130 


Prestressed Concrete Bridges — : 
and Other Structures 


Discussion on Mr. Donovan H. Lee’s Paper* 


The CHAIRMAN introduced Mr. Lee, who then gave a 
brief summary of the paper and showed illustrations of 
the tests of beams at Port Tampa for the Tampa Bay 
Bridge in Florida (Fig. 31), a test of a beam for the 
Leyton-Marshes Culvert, which was made by the 
Cement and Concrete Association (Fig. 32), the first pre- 
stressed concrete overline railway bridge in Eire (Fig. 33), 
and some views of the 160 ft. span prestressed concrete 

railway bridge at Rotherham. 


The CHAIRMAN, whose pleasure it was to propose a 
vote of thanks to Mr. Lee for his very able paper and 
his interesting slides and explanations, said the interest 
in prestressed concrete construction was indicated by 
the fact that the lecture-hall was filled, although it 
was only a fortnight before Christmas. The large 
attendance was also a compliment to the lecturer. 

One was glad, the Chairman continued, that Mr. Lee 
had made some reference to costs, for all engineers were 
interested in costs as well as in technicalities, and he 
hoped that speakers in the discussion would give some 
idea, when describing works in prestressed concrete, of 
how the costs compared with normal construction. 

In presenting the paper, Mr. Lee had been very fair ; 
he had explained that, although he was presenting a 
paper on prestressed concrete, it did not necessarily 
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Test on Composite Beam for Tampa Bay Bridge 
Deflection—Inches 
Fig. 31 


mean that in his view that form of construction should 
be used everywhere. 

Congratulating him on his association with the Tampa 
Bay bridge, the Chairman said it was something of 
which he might very well be proud. 

With regard to Fig. 21, showing a typical cross- 
section of a steel girder bridge where prestressed concrete 
decking was used instead of a steel deck, the President 
asked whether there was a saving in cost as a result of 


*Presented to the Institution of Structural Engineers at 11, Upper 
Belgrave Street, London, S.W.1, on Thursday, December 11th, 
1952, at 6 p.m., Mr. E. Granter, B.Sc.(Eng.), M.I-C.E., 
M.I.Struct.E. (President), in the Chair. Published in THE 
STRUCTURAL ENGINEER, Vol. XXX, No. 12, p: 302. 


the adoption of that form of construction, or whether 
the saving effected was in steel only. He was particularly 
interested in the latter part of the paper, for some of the 
work described was of very considerable importance, 
especially as there is a shortage of steel and engineers’ 
are exhorted by Government Departments to save steel, 


Lieut.-Colonel R. F. GALBRAITH, M.C. (Vice-President) 
first thanked Mr. Donovan Lee for his most interestill 
paper. . ’ 

Suggesting that Mr. Lee should emphasise the fact) 
that the system using ‘‘ Macalloy ’”’ bars and Lee McCall 
high efficiency nuts was British both in conception and 
manufacture, he felt we should be proud of that fact 
when we considered the examples that Mr. Lee had 
shown. a 

Some economic factors were discussed in the paper, 
but Col. Galbraith pointed to two additional ones which 
assisted towards economy. The first was the need to 
standardise units and sections in order to obtain the) 
maximum re-use of forms or moulds. The Leyton 
Marsh culvert and the Lower Tampa Bay bridge were) 
excellent examples of repetition. The second factor 
was the need for the education of contractors in the 
techniques of prestressing. At the present time there 
was a tendency to quote from £2 to £6 each for tensioning, 
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bars, and the price bore no relation to the cost of per- 
forming the operation. The contractor obtained what 
he could for the job ; but if sufficient competition came 
into play, the price would come down nearer to the 
actual cost of the operation, and we should achieve 
progress in prestressed work. Recently he had watchec 
three men with two jacks tension 30 pairs of bars anc 
secure the nuts in about seven hours. We could wor. 
out the cost from that. — TAS 

' Mr. Lee had discussed the use of “ slip-rods’”’ an¢é 
favoured wrapping rather than coating. As an alter. 
native, Col. Galbraith had found recently a tube mad 
of aluminium foil and bitumenised paper, which coul 
be slipped over the bar, thus eliminating wrapping. A‘ 


a 
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cost of about 64d. per ft. for a 1} in. dia. bar, that was 
obably the cheapest method of dealing with “ slip- 


Col. Galbraith illustrated some additional uses of the 
Macalloy’’ system at the Plashet Grove County 
tcondary School for Girls, at East Ham. 


Slide 1 showed a group of bars ready for wrapping 
lor to fixing in a retaining wall. The bars were bent 
to the form of a ‘‘ U,” the straight arms were greased 
id wrapped with one-ply roofing felt and then cast 
+ sttw in the concrete wall. The bars were of high 
nsile steel. 


: the bottom of a retaining wall, fixed in position ready 


‘Slide 2 showed a series of vertical and horizontal bars _ 
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Slide 7, Another picture of the window unit (with 
the forms stripped) ; ready for tensioning. 


Mr. Leg, replying to the President, said Fig. 21 
showed a cross-section through precast prestressed slabs 
which formed the decks of plate girder underline rail 
bridges.. For the photograph in Fig. 22 he was indebted 
to Mr. P. S. A. Berridge, who was-responsible for the 
bridges of the Western Region of British Railways ; in 
the course of the evening he thought he would need to 
become indebted to Mr. Berridge for answering questions 
on the design of them as he did not know the answer 
to the President’s question as to costs. 


Commenting on Col. Galbraith’s remarks, he said he 
had never had the pleasure of seeing the contract that 
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r concreting. The bars were wrapped, and a strip of 
savy expanded metal was inserted in the “U”’ to 
istribute the high local stresses. 


‘Slide 3 showed a length of the retaining wall with the 
ertical bars in position and projecting from the concrete 
ec. The g in. brick wall acted as external formwork. 
he inside surface of the brick wall was coated with 
larine cement as an additional precaution against 
amp. The tops of the rods were threaded, and the 
uts had been removed. 


‘Slide 4. A length of wall completed and partially 
ack filled with the ‘“‘ Macalloy’’ bars shown projecting 
ady for tensioning. — 


Shde 5. Part of a concrete window-frame 20 ft. long 
y to ft. high, forming a wall of a classroom. The four 
embers of the unit were precast and post-tensioned to 
ake a “monolithic unit.” 


Slide 6. Part of the mould for the window-frame 
ith two ‘‘ Macalloy’’ bars in the base of the frame. 
aere was secondary reinforcement at the corners. 
le mullions were cast separately and inserted into the 
rm before the remainder was cast. 
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Deflection 
Fig. 32 
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he had mentioned ; but he felt that Col. Galbraith had 
hardly had the opportunity to do it justice in the few 
remarks he had made and the illustrations he had shown. 
From what Mr. Lee knew of it, it was truly an example 
of steel economy, and assuming that the weight of steel 
in a prestressed building for a school and the retaining 
walls was in, the ratio of 1/24 as compared with reinforced 
concrete, it was easy to imagine how much steel might 
be saved if necessary by the wider use of prestressing. 
He hoped Col. Galbraith would-be able to give the 
Institution more detailed information on this contract 
in the near future. 


Referring to non-bonded bars, i.e. coated and wrapped 
bars, he said that in America there had been a leaning 
towards this, but fully bonded was being used on the 
Tampa Bay bridge and elsewhere where these high- 
tensile bars were being used except in the case of hydrau- 
lic structures like tanks. It would be realised that non- 
bonded construction did convey to the ends all altera- 
tions and increments of tension in the prestressing 
elements even though they are usually very small, 


‘This was not a good thing. It should also not be over- 


looked that the ultimate load is lower with non-bonded 
than with fully bonded construction. However, instead 
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of coating a bar it can be wrapped with corrugated paper 


and bitumen paper and he had used this method recently 
in this country where bond was not important. For 
bonded construction flexible tubing made of bitumenised 
paper and aluminium foil or paper reinforced by a steel 


Fig. 33 


wire spiral were very convenient as the bar was placed 
before concreting. Both give good bond when the 
annular space around the bar is grouted after stressing. 


Mr. P. S. A. BERRIDGE (British Railways, Western 
Region), as a visitor, thanked the Institution for having 
permitted him to join in the discussion and said that to 
be given the opportunity to speak on Mr. Lee’s excellent 
paper was an honour he much appreciated. 

Referring to Fig. 18, illustrating the strengthening of a 
triangulated girder carrying a road over the railway 
near Snow Hill Station, Birmingham, he said the 
location was a very smoky one, and the flanges of the 
bottom chord—which, incidentally, had been filled with 
concrete, making strengthening by the addition of mild 
steel difficult—had suffered a good deal from corrosion. 
It was the only really weak member in the girder. That 
girder was very nearly parallel with the tracks below 
and the road was a busy one, so that the complete 
renewal of the girder would have been extremely 
difficult. The prestressing would enable the stresses in 
the bottom chord to be reduced to within permissible 
limits. Some strengthening of the top chord was being 
done by introducing three portal frames over the foot- 
path, thus reducing the ratio of effective length to 
radius of gyration of that compression member. 

The 150 ft. main girders of a deck type span carrying 
a single line of railway over the river at Monmouth 
were to be strengthened in a similar way, but in that 
case the bars would be painted and not encased in 


concrete. It was seldom possible, he said, to relieve - 


are of dead gat “hen ee new mild steel ta’ } 


up for the deficiency of section. 

He said he was not very clear about Mr. Lee’s stati 
ment on page 309 that “ the introduction of any pr 
stressing steel as part of the load-carrying structu 
does lead to an increase in the strain, and therefore th 
deflection, as compared with an equal amount \ 
strengthening provided at a lower working stress, say b 


mild steel.’’ If a girder were not relieved of its dea 


which the stresses under live load on the original secti 
were already up to the permissible limit would m 
prevent those stresses being exceeded when the live loa 
was increased. On the other hand, by prestressing th 
member, the dead load stresses on the original | 
could be reduced, thus giving a greater reserve” 
strength for the live load. 

In the Monmouth bridge, the stresses in tons 4 
sq. in. in the wrought iron of the bottom chords bea 
and after prestressing were :— 


Dead load Live load Tota 


Before prestressing 3.15 7.00 10.15 
After prestressing ... 0.40 6.83 ee | 

The ees stress in that wrought iron we 
7.4 tons per sq. There were four I in. diamet 
‘““ Macalloy ”’ bars ek girder. In the prestressing, thos 
were prestressed to 27.2 tons per sq. in. ; and und 


live load there would be an increment of stress of 3. § 
tons per sq. in., giving a total stress of just over 31 tor 
per sq. in. The prestressing would add 7/16 in. to th 
existing 12 in. camber, and the deflection under liv 
load would be 2 in. é 
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‘For comparatively wide units, as shown in Figs. 21 


id 22, some transverse mild steel reinforcement was 
xeded to take the tensile stress induced across the 
irface by the longitudinal prestressing. Mr. Lee had 
fawn attention to those requirements ; and previous 
rperience on British Railways served to underline that 
servation. In one of their earlier designs that rein- 


mcement had been left out and a longitudinal crack: 


ad developed under the prestressing load. 
On the Western Region there were four bridges of the 
ype shown in Fig. 21 under manufacture. All were 
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2. FOR BRIDGES WITH THREE MAIN CIRDERS, 
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th 3. THE B.M. ON THE CROSS CIRDER IS GREATER 
x WITH ONE TRACK LOADED, AND ON THE END 
‘CONNECTIONS WITH TWO TRACKS LOADED. 
4,WHEN CROSS GIRDERS ARE UNSYMMETRICALLY 
is LOADED, THE END FIXING MOMENTS MUST BE 
me | CALCULATED. . 


5.THE FIXING MOMENTS SHOWN ABOVE MAY BE 
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es USED IN DESICN, TO DETERMINE MAXIMUM STRESSES 
it IN CROSS GIRDERS AND ON THEIR END CONNECTIONS. 
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4 
eck units at the ends of a skew span in precast pre- 
messed concrete had not been solved ; though he had 
very confidence that they would eventually solve the 
roblem. Mr. Berridge showed some details of the 
nits and their connections to the main girders. 


= spans, and the problem of providing the triangular 


pee i. Drawing of cross-section of bridge showing 
etails of the deck units and the connections to the 
lain girders. In the connections to the main girders, 
ear plates welded to the sloping face of the angles on the 
ck units rested directly on similar shear plates welded to 
e stiffeners. These shear plates were designed to 
<e the vertical reaction from the ends of the deck 
ts while the bolts were designed to carry the stresses 
luced by the moment at the joint ; the bolts were not 
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intended to take any shear, although they could well 


do so. 

The advantages claimed for that design were :— 

(x) Erection was very simple, the main girders could 
be landed in their final positions and the deck units 
dropped in between them without either having to move 
the girders laterally or to tilt the units. The shear 
plates on the stiffeners and the ends of the units acted 
as erection ledges and the bolting was relatively quick. 

(2) There was no site riveting or site welding during 
erection. The small amount of welding necessary to 
fasten the flash plates to the stiffeners could be carried 
out after traffic had been restored. 

(3) The deck was of crackless concrete and there was 
no maintenance painting involved underneath, except 
for the flanges of the main girders. 

(4) With a ro in. deep unit and 3 in. of ballast under 
the sleepers, the construction depth required was only 
2 ft. 141in., there being no overall waterproofing. 

(5) The units were extremely simple to make and pre- 
stress, and there was no complicated shuttering. 

An important point to bear in mind was that the 
units and the steelwork must be made at the same 
works. The sloping contact faces of the steel at the 
ends of the units and the stiffeners must be a reasonably 
good fit. A steel jig was used to ensure that the slope 
of the steel at the ends of the units, as well as the sizes 
of the units, should be the same for every unit. 

In the past, proper attention had not always been 
said to the design of the connections between the cross- 
girders and the main girders of small through-type 
spans. The cross-girders had been generally designed 
as simple beams, but in making the connections to the 
main girders a considerable degree of end-fixity had been 
introduced. 


Slide 2 indicated the magnitude of the end-fixing 
moments on cross-girders, and Mr. Berridge drew 
attention to the moments at the centre girder when both 
tracks were loaded. Although the slide was prepared 
on data obtained from steel cross-girders, it served to 
indicate the moments which had been allowed for in 
designing the prestressed concrete deck units. 


Slide 3 showed the magnitude of the stress in those 
units. Full lines indicated the stresses under conditions — 
of full end-fixity, and the dotted lines showed the stresses 
under 50 per cent. end-fixity at the centre girder. The 
stress induced on bolting, as shown in the second diagram 
from the top, was due to the tops of the ends of the units 
first coming into contact with the stiffeners after the 
units had hogged while being prestressed. The high 
strength bolts were tightened to a pre-determined torque 
and took care of the stresses in that connection. Under 
full load there was no separation of the contact surfaces, 
and no loading of the bolts beyond the stresses induced 
in them by tightening. 

Slide 4 showed one of the units being prestressed. A 
dial gauge at the centre of the unit was used to measure 
the hogging ; it amounted to 1/2oth in. 


Slide 5 showed the end of a unit. 


On page 310 of the paper, he continued, Mr. Lee had 
referred to the change of steel stress in a bar initially 
tensioned to 40 tons per sq. in., and to the loss of pre- 
stress by shrinkage and creep of the concrete amounting 
to about 16 per cent. ; Mr. Lee had stated that that 
lowered the tension in the steel before the bridge was 
brought into use by some 3 or 4 tons per sq. in. A loss 
of 16 per cent. would mean a lowering of that tension 
by 7 tons per sq. in. ultimately. Mr. Berridge wondered 
if the 3 or 4 tons per sq. in. referred to by Mr. Lee was 
intended to apply to some stage before all creep had 
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finished. He asked for clarification of that point and 


for some indication of the time required for all creep to 
stop. 


Mr. Lee said Mr. Berridge had raised a number of 
points rather too fast for him to take them all in and to 
think of the right answers. He did not know the 


150 ft. span girder at Monmouth, but he did know 


little welding of some cleats, adding some high-tensi 
bars and using prestressing jacks for a day, whereas 1 
the job were done in the usual way one might need te 
obstruct one railway track by staging and shoring, 
which would be very expensive. If one strengthened a 
lattice girder by adding the equivalent amount of load- 
carrying capacity as would be obtained by high-tensile 
bars but in the form of mild steel plates, then one 
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about the 160 ft. girder at Birmingham. He did not 
withdraw what he had stated in the paper, ‘but perhaps 
he had not explained it very well ; and he was not sure 
Mr. Berridge was suggesting that what was stated 
there was wrong. The great advantage of. prestressing 
an existing girder was that one added some high tensile 
steel and prestressed it, thereby taking stress off the 
previously existing steel. As Mr. Berridge had shown, 
the strength was increased appreciably merely by a 
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would have less deflection under live load than with tk 
prestressed girder. That made no difference becaus) 
as Mr. Berridge had said, the deflection was muc 
reduced compared with what it was before strengthenin; 
it was cheap, and the method did not interrupt eithe 
rail or road traffic. | 
The other statement in the paper, added Mr. Lee, wi 
also correct, that if in a new lattice girder one und 
designed the tension boom because it was going to. 


Sot ean 3 
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sstressed, one would have greater deflections than 
uld occur in the corresponding fully designed mild 
1 lattice girder. He agreed entirely with Mr. 
rridge’s remarks. — 

Jn the question of prestress, he believed that in the 
se of the Monmouth girder the stress applied in 
ision was 27 tons per sq. in. 

Mr. Berridge agreed. ' 

Mr. Lee said the normal initial stress with prestressed 
nerete using these bars was 42 tons per sq. in. He 


reed entirely with Mr. Berridge because, as was well 


ei ; 

own, an alternating stress (fatigue to failure) graph 
‘any steel was in the form of a cone and when pre- 
essing steel it was desirable to use a somewhat lower 
ess as there were alterations of stress at the end 
chorages instead of none in the case of bonded pre- 
essed concrete. te 

In a prestressed concrete beam with an initial stress 
ons per sq. in., there could be three million altera- 
ms of double the normal variation in steel stress 
thout fatigue failure, as no test which had been 
tried that far had produced failure. 

In short spans the grouting and the bond stress 
svented variations of stress being carried to the ends. 
hen strengthening an existing lattice girder, it was 
necessary to be economical with the high-tensile 
el, because prestressing was very inexpensive and 
Brcre bar made very little difference to the cost. 
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Mr. L. R. Creasy (Ministry of Works) complimented 
Mr. Lee on having presented a very valuable record 
of problems posed and solutions found. It was all the 
more valuable and all the more welcome since it was 
concerned with a field of construction where perhaps 
there had been a somewhat over-emphasis on the 
laboratory and the philosophical aspects, rather than 
on the opportunities afforded for ingenuity in the 
solution of many of our current problems. 

The paper, posed as it was, as a case-book of works 


actually constructed, invited comment in a similar vein, 


op : Slide 4 


and Mr. Creasy hoped the meeting would be interested 
in some other illustrations of works executed which he 
put forward by way of comment on some of the points. 
Mr. Lee had raised, 


Figs. 11 and 12 in the paper illustrated the stressing 
of a prestressed concrete hose drying column; an 
example of quite an economical combination of pre- 
stressing and normal cast 1 sz construction. 


Slide 1 pictured the column as .-finally erected and in 
use. It was 40 ft. high, tapered in octagonal cross- 
section from 16 to 14 in., and was stressed with four 
high-tensile steel bars. The bars were stressed in pairs 
in two stages to half and final stress ; the holes through 
the column for the bars were cored with Ductube, and the 
ends of the column were lightly reinforced. After 
careful consideration of alternative methods it had been 
found that the most economical capping method was 
to erect the column and then to provide scaffolding to 
the top from which to cast the cap im situ starter bars 
projecting from the end of the shaft for this purpose, 


In commenting on the author’s reference, on page 


305, to a span to depth ratio of 30 for roof and floor 
construction, Mr. Creasy showed in Slide 2 an example 
of prestressed hollow concrete units used over consider- 
ably greater spans, in that case 35 ft. The units were 
84 in. deep and the span to depth ratio was of the order 
of 50. There was 2 in. of light-weight insulating con- 
crete as topping, and that had reduced the span to 
depth ratio to something like 40. : It was interesting to 
note that some of the units, as a result of prestressing, 


Slide 5 


arrived with an upward camber of ? in. It was fair,to 
say that the prestressed hollow roof had no greater 
resilience than one of normal hollow concrete construc- 
tion of normal span. 

Slide 3 illustrated that the erection of these slender 
units was not unduly difficult. 

Coming to Mr: Lee’s reference to the use of high- 
tensile bars on the turning vanes of a wind tunnel, 
Mr. Creasy referred to the difficulty of obtaining a 
satisfactory panoramic view of such a wind tunnel. 
Slide 4 showed a half view of the tunnel, looking towards 
the small end. The overall length was about 400 ft. 
The working section was rectangular in cross-section 


and of dimensions 13 ft. by 9 ft., whilst the general cross- 


section of the tunnel was octagonal and of 45 ft. diameter 
at the largest point. 

_ Slide 5. An internal view of the small end of the 
tunnel when nearing completion showing the vanes, of 
aerofoil section, erected in position. The turning 
section of the tunnel was octagonal in cross-section and 
about 25 ft. in diameter, the larger end being about 
45 ft. high. The turning vanes to the large end were 
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smaller end with two high-tensile bars. A mode 
lean-mix concrete was used of low water cement rat 


site ae one section between the cast 1m-situ transome 
placed at third points in the height of the turnin 
section. The vanes were stressed after they had bee 
erected in position and their ends cast with the trai 
somes. 3 
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In order not to disturb the main shell during th 
process of prestressing, the outer vanes and margir 
and likewise the upper sides of the octagon at that poir 
were not cast until after the vanes had been stressed. 

Slide 6. A general view of the casting yard. Tk 
vanes were cast in one between transomes to a maximul 
of 15 ft. high, with polished mild steel moulds for tk 
large vanes and teak moulds for the smaller ; and wit 
a light mesh reinforcement. The holes for the pre 
stressing bars were cored with 1} in. diameter rods afte: 
wards withdrawn. Slide 7 showed the process ¢ 
stressing the vanes after they had been put into place 
prior to the casting of this: section of the upper face « 
the tunnel shell and showed the shuttering in between tl 
vanes for this latter process. The completed sectic 
of the tunnel which was shown in the distance would lin 
up with these upper faces after the stressing of the vant 
was completed. 

In conclusion, Mr. Creasy again thanked Mr, Lee for 
most practical paper. 

Mr. LEE said that theoretically the natural frequen 
was getting near to the ee ey of likely Tepetlay 
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iding when the span to depth ratio reached 30 or B35 


tat was the position if we ignored damping, but there 
ite possibly cases in which damping was very effective. 
1 the other hand, he did not think we had enough 
idence to be able to say that damping could be relied 
on to any extent in the case of floors where repetitive 
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mally stressed’ only after connecting up to the first 


member. 


Mr. O. J. MastERMAN (Associate-Member), was glad 
of the opportunity to welcome the paper, for a reason 
which had nothing to do with the fact that he had 


Beis ice ; Slide 2 


loading might be applied near to the natural fre- 
lency. He agreed, however, that Mr. Creasy was 
sht in more or less ignoring that in the case of a roof. 
In the case of floors, however, a not-too-shallow 
as . ° : . ° 

nstruction, say with ribs at 15 in. to 30 in. apart, was 
ually cheapest on long spans, and certainly saved 
el, | : 

Judging by the dimensions of the wind tunnel referred 
, which he had never seen, it was much more impressive 
an the photographs were able to convey. 
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Sketch A 


played a small part in some of the early developments 
of the method described therein. His reason was that 
we now had a complete system for prestressing which 
was originated by a British Consulting Engineer in co- 
operation with a British firm of steel manufacturers. 
If we considered the well-known stressing systems 
which had come from abroad, we had from France 
Freyssinet flat jack which required no cables or wires 
at all ; Professor Magnel’s sandwich plates from Belgium; 
the bonded method used most broadly perhaps by 
Hoyer in Germany and which was taken up by Bjuggren 
later in Sweden ; then the interesting method of stressing 
large circular tanks, which had come from America ; 
and the cunning method of Leonhardt, in Germany, 
involving the use of a concrete jack which was left in 
to become part of the structure. 


In all cases except the last one we had imported the 
systems from abroad. It was very pleasing, therefore, 
that we had now a British system, which.enabled us to 
reverse that state of affairs and to sell abroad in a big 
way. That change had occurred in a very short time 
after the development work was done. It involved the 
use of rods which were very simple to handle and which 
could be tensioned quickly, and it had the advantage 
over all the others that there was no anxiety with 
regard to slip. 


Professor A. D. Ross said that he, also, like Mr, 
Masterman, felt the liveliest pleasure at the development 
of a British system of prestressed concrete. He believed 
that, until now, many British structural engineers had 
suffered a sense of inferiority when they observed the 
works constructed in prestressed concrete abroad, 
particularly in France and in Belgium. The paper; 
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however, would go a long way to correcting any such 
feeling of inferiority. 

Endorsing the remarks made concerning the positive 
anchorage with this system, Professor Ross said he had 
had the privilege of supervising some early tests and 
had had the opportunity to measure strains in steel 
during stressing and anchoring. Instead of there being 
a loss, it was even possible to get a slight increase of 


ey postpone grouting for “a time ‘and then. ‘restress, 4 


operation being very simple because of the convenien 
form of coupling employed in conjunction with the jack) 
He could also confirm the negligible creep of th 
steel, Other advantages, such as reduced danger ¢ 
corrosion, would be obvious to all structural engineer, 
Professor Ross was glad that Mr. Lee had draw 


attention to the possible danger of resonance in beam 
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stress, and one could say with certainty that there 
should never be a loss on anchoring. That was a great 
comfort not only to the designer but also to the man 
on the job. 

A feature of the system, which might on occasion 
be of advantage, was the possibility of restressing at a 
later date to recover the early loss of stress. If one 
wished particularly to minimise the loss one could 
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under forced vibrations, and said that just befi 
coming to the meeting he had calculated approximat 
the frequency of one of the early test beams of 20 
span. Under self-weight alone, the frequency } 
worked out at 80 vibrations per minute ; then he 
assumed that the total load was three times the s 
weight and that gave a figure of something under 

Whilst he was not an expert on dancing, eurythr 


“the like, he suspected that these recreations might 
use periodic disturbing forces with frequencies some- 
here within this range. It was particularly important 


_prestressed concrete since the damping was not very © 


arked. In other words, the position might be poten- 
ally dangerous, and he considered Mr. Lee was wise 
i be just a little cautious about the matter. 
de had been very interested in the tie-bars for port 


ames and arches proposed by Mr. Lee. This was an 
genious device whereby we could provide a tie-bar, 
id within quite wide limits we could control its strain 
7 adjusting the area of concrete. He asked whether 
r. Lee would confirm that, provided corrosion was no 


ificulty, a larger quantity of mild steel might be econo- 
lically cheaper. But by using high-tensile steel bars 
orking at reasonably high stresses we could put the 


omcrete to a dual purpose, firstly to control the extension 


[ the tie-bar, and secondly, to protect the steel, which 
ould generally be in{the rather unfavourable situation 
being in the ground. 


The strengthening of bridges was most interesting 
ad seemed to him to offer a splendid application of the 
lloy steel bars. He had only speculated on the possi- 
lity of applying the method, not only to simple 
tically determinate frames but also to statically 
eterminate structures. He was thinking of the 
tiple braced girder, in which we might obtain a 
ction in dead load stresses in the upper boom, 
rovided the web members could, without overstressing, 
ansmit the shortening effect from the bottom boom. 
oubtless there were also useful fields of application in 
e strengthening of continuous and other redundant 


tures. 


sults of what had been a very long and arduous piece 
development work. In the paper he had shown the 
end product,” and those who had undertaken develop- 

at work would appreciate the vast amount of time 
ry which had gone into the work described. 
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jnally, Professor Ross said Mr. Lee had given the 


wea 139 
He expressed gratitude for the opportunity afforded 


him to attend the meeting and the presentation of a 


most interesting and important paper. 


Mr. LEE, in a comment on Mr. Masterman’s remarks, 
said the Leonhardt system was one used for bridges, 
mostly in Germany and he knew of one also in Switzer- 
land. Illustrating the method used, he said that very 
powerful jacks were used as the whole bridge was 
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stressed in one opersten and the jacks were preferably ne 


all operated by one large electrically driven hydraulic 
um 
X Reterie to the positive anchorage, mentioned by 
Professor Ross, he agreed that in stressing it was possible, 
especially by means of the new nut tightening device, 
which had a hand-operated worm drive, to apply a 
little more stress to the bar ; if the gauge read 43 tons, 
one could put on another 3 by tightening the nuts. 
The creep tests made by Professor Ross had been 
most valuable, and had subsequently been repeated 1 in 
America, with close agreement. 


Slide 7 


PAs regards the ability to restress in the case of the 
iver Don railway bridge, it had been useful to stress 
30 or more bars to verify any friction loss and then to 
stress finally afterwards. 

With regard to tie-bars, in the case of the larger 
hangar at Meir airfield, where there was a structural 
steel portal frame of 150 ft. span, he had used mild steel 


for the tie, but if he did it again to-day the high-tensile 


steel would only have needed to be one-quarter the 
weight and the end connections would have been easier. 
As Professor Ross had said, tie-bars. were generally in 
unfavourable locations and so concrete casing was 
usually needed anyway. 


Mr. A. Hitey (Retired Member), said that on reading 
the paper he was certain that he would find occasion to 


- learn something of up-to-date interest ; he asked Mr. Lee 


for enlightenment on some matters about which he was 
not quite sure, touching the high efficiency couplers and 
nuts used for high-tensile steel bars of Figs. 15 and 16. 
In THE FINANCIAL TIMES of December. roth, 1952, 
there was published a very good review of British over- 
seas civil engineering contracts throughout the world, 


the value of which amounted to around £62 millions, and | 


in that article there was a reference to the Tampa Bay 
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The raters we Pan cenit for use in. ‘thal 
bridge had brought into this country 125,000 dollars, as 
given in a tabulated list, or about £44,000. He aske¢ 
Mr. Lee whether that figure represented the cost of the 
“‘Macalloy ’’ steel exported for such use, for he felt the 
figure was small as compared with the value of contract 
in Section A and B, for which alone the paper mentions 
144,000 dollars, was an estimated nett saving attributahs 


- to prestressing. 


With regard to the tightening of the bars and the 
slight loss of tension which occurred some time after ¢ 
structure had been completed, he wondered whether the 
American method of fitting the bars within a mediun 
inside the concrete would allow them to pull through 
slightly, to facilitate the recovery of lost strain wher 
found desirable, as distinct from bars which were groutec¢ 
and bonded to the concrete throughout their length 
If that were so, he asked whether the use of coupling 
associated with a suitable means to lengthen the tie 
rods so that further tensile stress could be applied ai 
their ends and be resorted to after the completion of < 
bridge or an individual pile. The designer might there 
upon be able to avoid even the loss of the allowable 
16 per cent. or so of tension. 


It had occurred to him, in regard to tightening tie 
bars, that it might be better to put the nut for the tie-ba: 
on a broadened plate if readjustment of tension had te 
be undertaken. If post-tensioning were required, i 
might be possible to extend the coupler by giving ; 
differential-screw effect, so that we could use a threac 
pitch of virtually one- -tenth the normal amount, whicl 
meant that the exerted stress could be correspondingh 
increased. He threw out the idea because he had madi 
something on those lines on one occasion, and it hae 
worked well as applied to tubes. 

Mr. Hiley recalled that in 193x Mr. C. J. Jackamas 


‘ had presented a paper on the piling of Ryde Pier. Mam 


of the piles there had sunk 6 or 8 in. further than wa: 
intended, and difficulties had come about ; the questior 
had arisen as to whether extension in depth could br 
provided for a pile column to reach depths which wer 
not possible by normal piling. Mr. Hiley ventured ti 
suggest that, with the advent of better methods entailin; 
prestressing, we should be in the position some day t 
cope with such situations and possibly make piles twic 
the length which the piling frame would of itself permit 

A pile of 13 in. section in ordinary concrete was states 
in the paper to be equivalent to a prestressed pile o 
10 in. section, presumably with a uniform central bar 
That implied that the forces and bending moment 
exerted were very much eased, so that the piles migh 
be driven by lighter gear, or alternatively be driven mor 
effectively by the normal gear. He felt that the gain & 
strength due to prestressing was an important advantag' 
because a considerably longer length of pile coul 
thereupon be driven and handled with enhanced safety, 

He supposed such a pile if driven within a tube o 
outer casing would be of octagonal section, and he asker 
whether the centre rod, without necessarily being solic 
could be tubular if made of ‘‘ Macalloy,”’ so that som/ 
cement or chemical agent could be injected into thi 
ground if required. 

Some composite piles with which he had been assc 
ciated were formed with a 16 in. preparatory tube am 
were cast im situ, such tubes could be driven for a dept. 
of (say) 50 ft., and he had for the special purpose devise 
arrangements. to close temporarily the ends c¢ 
the tubes during driving. If a greater depth wer 
required than the said 50 ft., it was necessary only t 
introduce another pile of 12 in. octagonal section int! 
the guide-tube when vi was fully driven into the one 
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a oS a manner Bicones piles reaching 70 to 80 ft. in 
epth were installed at Battersea Power Station in 1930. 
Referring to ‘the prestressed tubular pile illustrated 
1 Fig. 16, he asked whether Mr. Lee would, given the 
leans, make the core with a removable pneumatic tube. 
n that connection-he recalled that in America in 1932 
“Flexicore’’ tube was constructed for this use in 
ecordance with U.S.A. Patent No. 1949650 and intro- 
uced to form the Io in. core, being deflated afterwards 
or -withdrawal. 
<ansas where a 24 in. octagonal reinforced concrete 
ile 40 ft. in length, driven to 200 ton resistance, safely 
ook a test load of 100 tons. 

It was curious, he commented in conclusion, that 
owadays we were resuscitating some of these older 
Jeas. and could doubtless combine them to much 
dvantage in future, thanks to improvements in tech- 
iques involved with prestressed concrete for instance 
— as were aptly described in the paper. 


Mr. WatLacr Evans (Member), speaking of long-span 
‘iollow floors, asked for Mr. Lee’s view on what would 
e the effect of making them continuous and thereby 
chieving some degree of damping. Arising out of that, 
ie asked whether, with the system described, any 
ogress had been made with continuous beams of any 
‘ind. 

‘Secondly, he said that in the Tampa Bay bridge the 
tiffeners had one bar through the centre, and he won- 
lered whether that was by design. In that connection 
ie mentioned a bridge of slightly longer span, but of 
imilar section, where it was convenient to stress the 
yeams in two parts, first to carry the dead load of the 
tructure, and secondly, when the beams were in position, 
o stress them again to take the live load. The result 
vas that the stressing of one beam affected all the other 
yeams in the bridge, showing that the stiffeners trans- 
nitted the stressing to all beams. Loading tests were 
atried out in order to determine whether this applied to 
he load also, and it did. He suggested that because 
i this it would be better to have two bars, one at the 
op and one at the bottom. 


Mr. Ler, commenting on Mr. Hiley’s reference to the 
ticle in THE FINANCIAL TIMES, said he was not con- 
erned with the sale of steel ard ‘he was not able to 


inswer the question. 
an 
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It had given very good results in - 
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The curve for creep was asymptotic, of course, and 
with post-tensioning the concrete had at least half its 
28 day strength before stressing ;, much of the creep 
occurred in the first week but it was not often worth- 
while to restress before grouting, although very easy 
to do. 

The loss for creep and shrinkage was about 16 per 
cent., and by restressing one could halve that loss. 
But there was not much point in doing so, because the 
loss of prestress was not exactly a real loss since it did 
not reduce the ultimate strength. In the case of the 
Sheffield bridge, which was cast in sections, one could 
avoid nearly all the loss through shrinkage of the concrete 
and reduce the loss due to creep by most of the concrete 
having ample time before the stressing. 

He hoped he had satisfactorily answered Mr. Hiley’s 
question concerning slip rods and restressing to reduce 
losses. 

Of course, the driving of piles 160 ft. long with a 
pile frame 80 ft. high, was not new. Mr. Hiley would 
be the first to say that one could add extra length to a 
steel pile by welding. With prestressed concrete there 
was not much difference, but the joining of the sections 
together was more tricky. - 

The question as to whether a 13 in. section ordinary 
concrete pile was equalled by a prestressed concrete 
IO in. section pile was one to which several answers 
could be given ; it would take more time than was 
available to him to answer it. 

The driving of a hollow pile through which another 
pile could be driven, the hole afterwards b2ing filled 
with concrete, was an interesting method, but he did 
not think it was often economical, because there was a 
very big hole to fill. 

Replying to Mr. Wallace Evans, Mr. Lee said that 
the axial transverse prestress of the Tampa Bridge 
design was in his opinion adequate and he had no doubt 
all the beams acted together as in tests of other bridges 
but he did agree there might be some cases where top- 
and bottom bars were desirable. Mr. Wallace Evans 
had perhaps noticed he had used them in the case of 
Leyton Marshes. With the recent rapid developments 
and experience both in construction and design Mr. Lee 
thought he would not be likely to repeat exactly the 
Tampa design although it was only two years ago that 
it was done. 


Discussion of the Paper by Colonel A. R. Mais, O.B.E., T.D. and Mr. A. C. Little 


The CHAIRMAN welcomed the members of the Rein- 
orced Concrete Association and their President, Mr. M. — 
sOWlishaw, and then introduced Colonel A. R. Mais, 
).B.E., T.D., and Mr. A. C. Little, who presented their 
aper. 

F Discussion 

a M. CowiisHAw, President of the Reinforced 
‘oncrete Association, thanked the Institution for the 
relcoome they had given to members of his Association 

nd also for the frequent use which the Association made 
; *Paper vead before a Joint Meeting of the Institution of Structural 
wineevs and the Reinforced Concrete Association at II, Upper 
lgvave Street, London, S.W.1, on Thursday, January 8th, 1953. 
aE, Granter, B.Sc.(Eng.), M. I.C.E.; Mil. Striuct.£. (President 


the Institution of Structural Engineers), in the Chair. ees 
| THE STRUCTURAL ENGINEER, Vol. XXXI, No. 1, pp. 


of the Institution’s Hall. Hz then moved a hearty 
vote of thanks to the authors for their excellent Paper. 


Lt.-Col. G. W. KirKLaNnp, M.B.E. (Member of Coun- 
cil), who opened the discussion, referred to the first 
sentence of the Paper, where it was stated that the 
Ministry of Works had invited competitive tenders and 
designs. This, he felt, was a regrettable waste for a 
Goverament Department to require five or six designs 
for a job which could be done admirably by one con- 
sultant. Much of the labour employed by this method 
was completely wasted and while not detracting from 
the excellence of the completed tanks, there was no 
assurance that the client was better off as a result. 

Secondly, Colonel Kirkland commented on _ the 
laudability of the selection of prestressed concrete for 
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the work, especially since hoop tensioning had been 
proven in the reinforcement of gun barrels in the days 
long ago when the cannon went into disuse. 

One point about the design which had struck him 
rather forcibly was the considerable heaviness at the 
base of the structure. Did the designers consider the 
use of an inverted saucer type of base before they made 
their choice? The tensions would in that case be 
provided purely and simply on the periphery. 

Finally, one word of regret and severe criticism : why 
use rolled steel joists in the roof ? Could not these have 
been prefabricated and post-tensioned in concrete ? 
_ Their shape lent them admirably for this ; they would 
- have been quite economical with the large number 
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required ; and they could have been cheaper than the 
steel joists. A completely prestressed tank would have 
resulted. 

_ Colonel Kirkland expressed his pleasure at having 
had an opportunity to hear the Paper and congratulated 
both authors on its presentation. 


Mr. L. R. Creasy (Superintending Structural Engineer, 
Ministry of Works) said that when comparing prestressed 
concrete tanks with those of more conventional type, 
the attraction from the designer’s point of view was 
that a condition of maximum stress was achieved when 
the tanks were empty and was gradually relieved when 
the tanks were filled. In the circumstances, it was 


surprising that, in this country, we had such relatively ~ 


small experience of prestressed concrete tank con- 
struction. 

Thanks were therefore all the more due to the authors 
for their excellent exposition of some of the difficulties 
which were to be experienced in construction of this type. 

Mr. Creasy said he wanted to demonstrate, by slides 
and diagrams, something of other ways of dealing with 
prestressed concrete tanks, and to refer to one or two 
questions on design which had not been so far mentioned. 

The authors had referred to the difficulties to be 
encountered with a fixed wall-to-base-slab form of 
design, but it ought not to be assumed that if the joint 
were sliding, all the difficulties were easily resolved. The 
first diagram, on the left of the first slide, showed the 
ideal to be aimed at whereby the induced tensioning 
in the vertical section of the wall was of triangular form 
equal and opposite throughout the depth of the tanks 
to the induced ring tension exerted by the liquid. Where 
the base was pinned, there was a falling off of the inci- 
dence of the load, as shown by the dotted line, and in 
practice, where the base was free to slide—if it could— 
there must always be an uncertainty as to what inter- 
mediate position would be achieved between complete 
slip and a pinned condition, 


condition achieved where the wall foot tended to slid 
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The next diagram in the same slide showed mom 
in the vertical section of the wall, induced first of : 
tensioning and then relieved by moments of similar fort 
by the water. The full line showed the condition — 
moment induced with a pinned base of wall, and. whel 
complete slip took place, the moment would approac 
to zero. In practice there would be some intermedia 


to an indeterminate extent. If hot liquids were to 
stored and the tank base tended to expand, the wall for 
would be pushed outwards with increased vertice 
moment as shown. : ; : 
The diagram on the right of the same slide indicate 
the build-up of extreme fibre stress. First of all, tl 
internal fibres would be prestressed throughout by t 
dead weight of the concrete construction. With ¢ 
unroofed tank, this would tend to be of triangular fom 
and with a supported roof it would approach the ree 
angular form—the weight of the walls being relativel 
minor in effect. If the liquid were heated, there woul 
be a tendency for constant compression on the innt 
fibres and from solar heat on the outside the intern 
skin would be in tension. The extreme fibre stress fror 
the. wall tensioning must be added as shown by thi 
full line representing the “ pinned’ condition, and thi 
would fall away as shown by the dotted line if it wer 
assumed that some degree of slip had taken place. The 
vertical prestress would be so proportioned as to offsé 
the algebraic sum of this extreme fibre stress, ant 
remembering that this was the condition before thi 
tank was filled, it appeared reasonable to tension thi 
wall for something less than would provide for this mos 
extreme condition. % 
The small diagram was a reminder of a further co 
plexity which occurred in this type of problem, TI 
horizontal wing compression induced by the tensionin 
of the wire on the outside was shown in conjuncti 
with a small vertical tension. It was common & 
provide a vertical compression to overcome all induce 
tension stresses due to loading conditions. But evel 
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apart from the small residue of tension and bearing : 
mind the familiar formula, the principal shear stre 
would be of the order of one-half the induced compressic 
so that when working to a ring compression stress + 
1,000 p.p.s.1., there would be an induced principal she: 


computing the extension of the steel and the induce 
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formations in the concrete. Mr. Creasy was indebted 
Mr. Hancock, one of their senior engineers, for the 
agram which neatly illustrated the possible alter- 
‘tive conditions. Ring forces per unit height of wall 
sre shown vertically—forces due first of all to tension- 
g externally and secondly to the entry of the liquid. 
xtension in the steel was measured horizontally from 
it to right and contraction in the concrete from right 
left. Thus the vertical and horizontal ordinates 
om the line marked “ steel’’ going upwards to the 
tht of the diagram, represented respectively the ring 
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nsion and the corresponding extension in the steel. 
ae vertical and horizontal ordinates to the line from 
zht to left marked ‘‘ Concrete’ represented respect- 
ely the ring compression and the contraction of the 
mcrete. For equilibrium a common position of equal 
id opposite ring forces would be met on both graphs 
hich could be adjusted as necessary for any required 
agnitude of ring tension from the liquid or residual 
mpression in the concrete. Likewise, it followed that 
wizontal ordinates to the concrete line measured from 
e position of equilibrium to the right would show 
lief of contraction or expansion in the concrete from 
e stressed condition. 

The diagram could also be used to illustrate, graph- 
ally, the various alternative of loading. Supposing 
é tank were mounded, thereby introducing an addi- 
mal compression in the concrete, with corresponding 
lief of stress in the steel. Movements to the left from 
€ original point of equilibrium in the diagram repre- 
nted relief of stress in the steel, with corresponding 
creased contraction in the concrete so that after 
mputing the ring tension from the mounding the new 
sition of equilibrium could be established in the 
anner indicated. 

Supposing the tank was subject to solar heat or the 
iter in the tank was heated, with consequent differen- 
i extensions between the steel and the concrete. 
om the original position of equilibrium the extension 
the steel was represented by movements to the right 
mg the “‘ steel ’’ line and likewise relief of contraction 
the concrete would be represented by equal move- 
mts to the right along the ‘‘concrete”’ line until a 
W position of equilibrium was reached as indicated. 
similarly, in dealing with the induced ring tension 
n the contained liquids, extensions in the steel and 
ef of contraction in the concrete were represented 
movements to the right from the position of equili- 
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brium along the “ steel ’’ and ‘‘ concrete ” line respect- 
ively and are plotted from the logical ring forces in the 
manner indicated. 

Mr. Creasy also demonstrated a question on the 
friction losses when tensioning horizontally. The third 
slide illustrated some results of tests which had been 
made during actual construction to assess the frictional 
losses encountered in the wire from two-point stressing. 
They found that the losses followed the familiar exponen- 
tial formula in which the coefficient of friction was of 
the order of 0.23 from which the mean value for the 
effective pull in the wire would be of the order of .8 of 
the pull at the jacking points. The wires in this case 
were protected by a plastic sheathing. 

The authors had referred to the difficulty in casting 
the vertical stressing wires in the thickness of the walls, 
and to the scaffolding which that necessitated. Mr. 
Creasy’s fourth slide showed a tank where both the 
horizontal and vertical tensioning wires were placed and 
tensioned after the tank had been cast. A chase was 
cast on the inside face of the wall, with a slot at the 
base through which the wires were laid, and the wires 
passed to the end anchorages through slots cast in the 
top of the wall. In this case, to reduce friction, mild 
steel rollers were used as shown. 

Mr. Creasy said that the base slabs of tanks described 
by the authors had been directly prestressed by cables 
in the slab but that he had tried an indirect procedure 
which would introduce some small residual compression 
in- the base slab of the tank after it had been filled. 
Three cables were first tensioned at the foot of the tank 
wall with the object of producing positive and calculable 
slip inwards. The joint at the base was then filled with 
ironite, used in this case because the liquid was deemed 
to attack a normal bitumastic filling. 

When the ironite was set the remaining wall cables 
were tensioned which produced a further inward move- 
ment of the tank wall and compressed the ironite filling 
between base slab and vertical walls. Finally, three 
cables were wrapped on to the base of the wall to increase 
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further the prestress in the base slab. When the tank 
was filled with liquid there was a small residual com- 
pression across the slab and joint at the wall foot. It 
would be noted that the detail of the external rim to 
to the base slab formed a shoulder to retain additional 
external sealing to the base joint and provided for the 
‘belt and braces ’’ mentioned by the authors. 
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Dealing with the form of maithorane to be used, 


Mr. Creasy said that the authors had used wedges, for 
which a neat double acting jack was produced which 
enabled the wires to be tensioned in opposition in one 
operation. That was very neat when dealing with 
horizontal tensioning but the same simplicity was not 
produced vertically since the group of tensioning wires 
in any one slot must be pulled two at a time. 

The fifth slide dealt with cone anchorages which 
possessed the advantage of enabling a group of wires to 
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be pulled in.one operation but were less efficient hori- 
zontally, The jacks in this case were not double-acting 
and did not enable the wires to be pulled in opposition 
so that a massive pier was required in the wall as a 
seating to the jacks. It had been found that when 
tensioning horizontally there was a tendency for the 
cables to cockle. Experiments were being tried with 
special jacks to overcome the necessity for the con- 
struction of the pier. 

The sixth showed a tank in which wedge anchorages 
had been used for the horizontal wires and cone anchor- 
ages for the vertical wires and showed the alternative 
of looping the vertical wires cast in the wall. These 
latter were wrapped in a plastic sheath, and not grouted, 
which overcame many of the difficulties with steel tube 
core for the vertical wires as mentioned in the Paper. 
Horizontally, the wedge system was used with mild 
steel bar rollers to reduce the friction losses when 
tensioning horizontally. 

The seventh slide was a general view of one of the 
tanks, showing the cabling coming up into the top of 
the wall. It showed rather a large expanse of base 
slab cast between construction joints which had caused 
trouble and was later reduced. 

The eighth slide showed the pier on one of the tanks 
using cone anchorages, and the corresponding dis- 
advantages were obvious. The last two slides showed 
close-ups of the horizontal cables, one with and one 
without the spiing core in which the wires in both 
methods showed a tendency to cockle one on another. 

Mr. Creasy said that he wished to reassure Colonel 
Kirkland on the criticism which he had made concerning 
the Ministry’s methods of inviting competitive designs 
from outside authorities and contractors. The Ministry 
of Works did not normally use such methods. It might 
have been that three years ago they were under the 
mistaken impression that there were authorities outside 


: The Srctueah Engine 
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stressed concrete tanks and perhaps eee now ney 


better. : 


Mr. E. H. Bare said he had watched the tanks unde 
construction and it had been interesting, during th 
discussion, to hear how the contractors had overcom 
their difficulties. He was impressed by the fact tha 
where construction joints were left they had leaks, an 
where no construction joints were left they had n 
leaks. Speaking of jetting, he said it had been state 
that on the horizontal joints a considerable amour 
of material was removed ; he understood that one © 
the clauses demanded that two inches should be remoy 
from the surface before the new concrete was placed. 

On the vertical joints that could not be done, but t 

surfaces were carefully prepared. The leakage whic 
occurred was probably due to shrinkage. That raise 
the question of whether it was worth while using tk 
very rich concretes for water-retaining structures or pri 
stressed concrete. The concrete in this case We 
I — 14 — 3. 

Such a mix when vibrated produced a layer of fir 
material at the top of each lift, which was the reaso, 
for the clause in the specification to which he ha 
referred. 

It was possible to obtain the strength required fc 
prestressed concrete with mixes of six or seven to on 
provided they were properly designed, and with suc 
mixes there was less shrinkage and no layer of fir 
material was formed so that it was unnecessary 1} 
remove so much material. The surface could | 
prepared by jetting only. 

It was worth noting that with properly vibrate 
concrete stop ends could be stripped almost at once : 
that the labour of preparing joints was much reduce 
They could be jetted down at once and the damaj 
sometimes caused by hammering or the use of pow 
tools avoided. 
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Professor G. MAGNEL (Member) said he did not kno) 
when he arrived in London, that the meeting was 
take place, and it was a pleasant surprise for him. 
astonishing point arose about friction. A few years 
they thought that friction would be less the smooth 
the surface, but in the end they found the opposite 
be the case. Now, in making tanks, they tried to m 
the surface as rough as possible. The only explanati 


could offer was that with a rough surface the wire 
hed only at a few points instead of making con- 
Brous. contact. Sis 

ie of the speakers had given a frictional coefficient 
25. Professor Magnel had found .3 with.a very 
nooth surface, so .25 was probably the figure to adopt 
rough surfaces. 

central cable was awkward for vertical prestressing, 
t, in tanks where the vertical shaft was fixed to the 
indation, they could make the vertical prestressing 
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looping the wires in the foundation itself. The wires 
d be shorts The wires for the vertical cables could 
joined to the short bits and spliced with several 
evices which exist ; one way was the use of hard metal 
lices wherein the wires were fixed with small wedges ; 
ther way was to take two wires, passing one over 
he other along a certain length and wrapping them 
round with the Swiss machine, which gave a very 
sfactory and cheap joint. 
speaking of cost, Professor Magnel said they must 
to make. their buildings as cheap as possible, but the 
t essential for engineers was to- make their work 
chnically as near perfect as they could. The pre- 
essed concrete tanks would be much more durable 
anything in conventional reinforced concrete, so 
lat, even if the price were a little higher, it was a 
saper job. 
Engineers in all countries must strive to make their 
estressed concrete technically perfect. There was a 
good deal of competition between systems, and perhaps 
ome people had expected him to advocate sandwich 
plates instead of cones, but that was not his idea. They 
Should use the method which fitted best technically with 
e job ; they should not do things which were ridiculous 
imply because of a certain system. They should not 
Ly with calculations. 
Professor Magnel gave an example he had met re- 
cently. The Consulting Engineer was limited to about 
000 p.p.s.i: There were big beams, about 90 feet 
span. He reasoned as follows : ‘‘ I will stretch first only 
) per cent. on my wires ; I then wait a couple of days 
re stressing the other 50 per cent. During those 
0 days a loss of prestress of 20 per cent. will have 
urred in the first wires. That. means, when the 
v 10le cable is stretched, that I have a loss of prestress 
bf Io per cent. and that the stress in the concrete is 
nly 2;000 p.p.s.i.”’ In fact, said Professor Magnel, if 
proper calculations were made the figure was nearer 
0 p.p.s.i. than to 2,000 p.s.i. 
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If an accident occurred with prestressed concrete, it 


would not matter which was the system or the country 


or whose was the fault ; it would set back prestressed 
concrete all over the world for years. He appealed to 
them to be technically honest in all they did. 


Mr. J. W. AGER expressed his personal compliments to 
the authors, as he had himself had some connection with 
the construction of tanks. They had taken the trouble 
to ensure that the tanks were built in accordance with 
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the best possible practice for concrete construction ; in 


fact the work was well up to “ text-book ”’ standard. 


Reply to the Discussion 


Colonel Mats said he entirely agreed with Colonel 
Kirkland’s criticism about the roof ; they could have ~ 
made it a completely prestressed concrete tank and he 
could only say he was sorry they had not done so. The 
main reason for not having done so was the need to get 
on with the job quickly. If they used that type of roof 
again, which was not very likely, they would certainly 
go for prestressed concrete. 

Replying to Mr. Bate, he said the strength of the mix 
was an old argument. They had used 1 :1}$:3 on 
the tanks under discussion and at the risk of incurring. 
Mr. Bate’s wrath, he would say he intended to use the 
same mix on the tanks now under construction. The 
comments on shrinkage were true, but the walls of the 
tanks in question were not thick and there was no mass 
of concrete. They had found the weaker mixes to be so 


unworkable that the cost and difficulties of placing were 


out of proportion to the saving made by leaving out the 
cement. They had not yet reached a stage in the 
technique of placing the leaner mixes of concrete at 
which they could guarantee a good job on a g in. wall. 


~ cables. 
you to deal with my query by correspondence. 


With a wall of 2 to 3 ft. thick there was a good head of | 
concrete and, under these circumstances, there was a 


much better chance of achieving satisfactory com- 
‘paction. 


Colonel Mais said that he would not attempt to 


comment on Mr. Creasy’s remarks, as most of these 
were of a highly technical nature and above his head. 


Mr. LitTLe expressed his pleasure at seeing Professor 
Magnel present. His suggestion that friction could be 
reduced by leaving a poor finish on the concrete now 
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seemed obvious, and it was galling in view of the trouble 
they had taken. They had flattered themselves on 
their glassy finish! Mr. Little said he was struck by the 
system of splicing prestressing wires and hoped to find 
out more about it. 

He agreed with Professor Magnel’s comments on 
costs and durability, but, human nature being what 
it was, the struggling contractor had to think about 
costs. It was not easy to tell a client that a job cost 
more, even though it was a better job. 

Mr. Creasy had shown a system of stressing the wall 
against the ironite filling. When the tank was 
loaded there must be some relaxation of tension on the 
stressing cables and some relaxation in the loading on 
the wall. It appeared that the pressure of the wall 
against the ironite filling would decrease, too. Was it 
not possible to get a leak there ? 


The CHAIRMAN, closing the meeting, expressed 
pleasure that Professor Magnel had taken part in the 
discussion. No doubt the authors would reply to other 
points in writing, but the meeting was grateful to them 
for their Paper and their replies. 


Written Discussion 
From Mr. E. WINGROVE KEER : Had I been present 


at the discussion, there is a question I would have liked _ 


to have asked regarding the tensioning of the horizontal 
I am hoping that, perhaps, it is not too late for 


I note from your paper, and from a previous paper by 
Mr. Ager, that the loss through friction when the 


_ horizontal cables are prestressed is considerable, and 


that although this may be lessened by increasing the 
number of jacking points, such a procedure is accom- 
panied by a serious rise in labour costs. 

From a consideration of this problem, I have won- 
dered whether it has ever been suggested that a possible 


_that we construct to incorporate a bar on the lines oi 


masthodict Panos te Salton would be My a 
cables on vertical mild steel bars partially embedd 
the exterior concrete surface of the tank wall. These 
bars would be slightly greased where the cables Pass 
over them. They would be spaced as far apart 
possible consistent with the diameter of the tank and 
the thickness of the wall. Thus the cable would be 
pulled over a number of points presenting very ‘Tittle 
frictional resistance. — 

I would suggest that the bars might be 3-in. dame 
half embedded in the concrete, and that the extern 
shuttering would be in plan a straight line between 
these points. An added’advantage would be that the 
wires would be proud of the concrete by 4-in. all round 
the tank, thus providing an excellent key for the 
guniting. 

I imagine that the length of these vertical bars cau 
conveniently be made equal to the shuttering lifts, or 
multiples thereof. The upper end of a bar would 
project above concreting level and be clipped, also above 
concreting level, to the formwork. This clip would be 
disconnected when the forms were struck. The next 
bar above would be connected to the bar below by a 
butt joint with a thin metal collar. The bars would 
be held back to the concrete (if found necessary), by 
occasional wire ties. Against the additional cost ol 
providing these vertical bars would be offset the savin 
in the high-tensile cable steel. 

I should be interested to know if you think such an 
arrangement a possibility, both from the point of view 
of design and construction. 


a 
wh 


Colonel Mats replies : The points raised by you with 
regard to frictional loss on the circumferential cables 
has caused us all a great deal of thought, and we had, 
some time ago, decided that a possible solution was the 
one put forward in your letter, of inserting steel rods 
vertically in the walls to form bearing points for the 
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cables. There is, as fag as we can see, no strata 
difficulty in this method. 

I quite agree with your statement that if the wires 
are to be proud of the face of the tank by means of 
steel rods or other type of fitting, then it does form an 
excellent key for the gunite. 

In actual fact we had proposed on the next tanks 


your suggestion. If we do finally carry this out I shal 
be very pleased to let you know our opinion, ‘attehy 
have had practical experience, ¥ é . 


‘ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
structural Engineers was held at 11, Upper Belgrave 
treet, London, S.W.1, on Thursday, March 26th, 1953, 
55 p.-m., Mr. E. Granter, B,Sc.(Eng.), M.1.C.E., 
LStruct.E. (President), in the Chair. 

[he following members were elected in accordance 
th the Bye-Laws. Will members kindly note that the 
stions as tabulated below should be referred to when 
asulting the Year Book for evidence of membership ? 


STUDENTS 


GLE, John Brian, of Bolton, Lancs. 

uNT, John David, of Swansea, Glam. 

ALLEN, Maurice Sydney Harold, of London. 
RTLE, George, of Rochdale, Lancs. 

LL, Peter Frederick, of Southend-on-Sea, Essex, 
TILE, Brian, of Bolton, Lancs. 

RRY, Louis Stanley, of London. 

NIER, John, of London. 

ATLING,- Terence Roy, of Clapham, Beds. 

Lson, Edward Arthur, of Barking, Essex. 


<a Sg GRADUATES 


\LICKI, Joseph George, of Huddersfield, Yorks. 
ND, Rex Edward, B.E., B.Sc., 
Wellington, New Zealand. 
BULLOCK, Francis Hubert, B.A.(Cantab.), of Leeds, 
LARKSON, Trevor Kenneth, of Stafford. 

NNOR, David Young, of Bishopbriggs, Lanarkshire. 

, John George, of Wirral, Cheshire. 

IRBAIRN, Derek Sidney, B.Sc.(Eng.) London, of 


, Bruce Douglas, B.E.(Civil) New Zealand, 
M.1.C.E., of Christchurch, New Zealand. 

ILTON, Douglas James, B.Sc.(Eng.) South Africa, of 
isbury, S. Rhodesia. 

RIES, Phillip John, of Rumney, Cardiff. 

ARTH, George Brian, of Manchester. 

LLEY, Dennis, of Bolton, Lancs. 

NES, Vyvyan Philip, B.Sc.(Eng.) London, of Wad 
Medani, Sudan. 


SALL, George Stuart, A.M.I.Mun.E., of Lytham 
. Annes, Lancs. 
ELL, Donald John, BSc(Eng.), London, 


7 M.I.Mun.E., of Portsmouth, Hants. 
s, Frank Edgar, of London. 
ENZIE, Ian Gilroy, of Colwall, Worcs. 


hannesburg, South Africa. 

AMED, Shawky Hassan, of London. 

EY, Kenneth Outram, B.Sc.(Eng.) Cape Town, of 
Port Elizabeth, South Africa. 
(PIER, Malcolm Augustus, 
Aldermaston, Berks. ~ 

SR, Mohmoud El- Sayed Ali, B.Sc.(Eng.) Egypt, of 
Giza, Egypt. 

EEDHAM, Frederick Harold, B.Sc.(Eng.) London, 
A.C.G.I., of Sanderstead, Surrey. 

ARDOE, Frederick James, B.Sc.(Civil) Birmingham, of 
Birmingham. 

GOTT, Edward Daniels, B.A., 
A.M.I.C.E., of Karachi, Pakistan. 
ae Stephen, M.Sc. (Eng.) London, D.I.C., of 


B.Sc.(Civil) Wales, of 


B.A.1.(Dublin), 


Institution Notices 


New Zealand, of 


ASINER, Alexander Sascha, B.Sc.(Eng.) Rand, of 
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SMART, James Desmond, of London. 

SUTHERLAND, George Athol, B.Sc.(Eng.) St. Andrews, 
A.MA. Mun. E., of Crawley, Sussex. 

TUCKER, Colin, ‘of Sandbach, Cheshire. 

YAP EE SIEW, B.Sc.(Eng.) Yale, of Singapore. 


MEMBERS 


Foster, Edward, of Gatley, Cheshire. 
Motion, John, of Bearsden. Dumbartonshire. 


TRANSFERS 
Students to Graduates 
DrRaGE, John Frederick, of Wembley, Middlesex. 
Earp, Clifford David, of King’s Newton, Derbyshire, 
EVERETT, Frank Joseph, of Romford, Essex. 
MartTIn, John Bernard, of London. 
Morcey, Charles Edward, of Liverpool. 
Puixiips, William, of Newcastle upon Tyne. 
SEEDHOUSE, Peter Duffell, of Birmingham, 
WEBSTER, Donald Kenneth, of Bromley, Kent. 
Witson, George Thomas Eunson, B.Sc.(Civil) Edin- 
burgh, of Edinburgh. 


Associate-Members to Members 
BakuHouM, Michel, B.Sc.(Hons.), M.Sc., Ph.D., of Giza, 


Egypt. 
BotromLey, Major John Hubert, of Hongkong. - 
CoLtins, Arthur Richard, M.B.E., D.Sc., A.M.L.C.E., 
of London. 


FARQUHARSON, Douglas Gordon, B.Sc., A.C.G.L, 
A.M.L.C.E., of London. 

HucuHEs, John Ernest, of Harrow, Middlesex. 

McMEEKIN, Ronald Douglas, A.M.I.C.E., of Pinner, 


Middlesex. 
MouarraMm, Ahmed, M.Sc., Ph.D., of Giza, Egypt. 


Members to Retired Members 
OrRRELL, Arthur Charles Victor, A.M.I.C.E., of Purley, 
Surrey. 
SmitH, Herbert Brigg, of Baildon, Yorks. 


ReE-ADMISSION 
Associate-M ember 


McEwan, Lt.-Col. James Baird, R.E., of St. Annes-on- 

Sea, Lancs. f 

OBITUARY 

The Council regret to announce the deaths of VLADIMIR 
BENT, GEORGE CLAUDE CUTHBERT, MorRISON HENDRY, 
WILFRED ERNEST Hunt, ALEXANDER McEwan, WIL- 
LIAM Dick McLAREN, HENRY AMBLER WHITAKER 
(Members) ; JoHN MILLAR, STANLEY VOILE NICHOLSON 
(Retired Members) ; HENRY GoRDON Hope, WALTER 
WitLiaM Ropert RocueE (Associate-Members). 


RESIGNATIONS 

Notification was given that the Council had accepted 
with regret the resignations of REUBEN LEONARD PERRY 
(Associate-Member) and AUBREY Crookes (Graduate). 


EXAMINATIONS 
The Examinations of the Institution will next be held 
at centres in the United Kingdom and overseas on 
July 14th and 15th, 1953 (Graduateship), and July 16th 
and 17th, 1953 esr gate crobeetiey, 
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FORTHCOMING MEETINGS 
Friday, May ist, 1953 
Annual Dinner, at the Dorchester Hotel, Park Lane, 
London, W.1, 7 o'clock for 7.30 p.m. The Principal 
Guest will be the Rt. Hon. Lord Sempill, A.F.C. Speeches 
will conclude at approximately 9.30 p.m., and will be 
_ followed by dancing until 2.0 a.m. 


Thursday, May 14th, 1953 

An Ordinary Meeting of the Institution will be held 
at 311, Upper Belgrave Street, London, S.W.1, on 
Thursday, May 14th, 1953, at 6 p.m., when Mr, G. M. 
Frost (Member) will give a paper on “ The Structural 
Aspect of Power Station Design in South Africa.” 
__ Members wishing to bring guests to this meeting are 

requested to apply to the Secretary for tickets of ad- 
mission. 


Wednesday, May 20th—Friday, May 22nd, 1953 

Summer Meeting in Scotland. The Headquarters 
will be at the Royal Technical College, Glasgow, and 
members will have an opportunity of enjoying the 
hospitality of the Scottish Branch for certain items in 
the programme, particulars of which were circulated 
with the February issue of the Journal. 


Thursday, May 2tst, 1953 

The Annual General Meeting of the Institution of 
Structural Engineers will be held at the Royal Technical 
College, George Street, Glasgow, on Thursday, May 2tist, 
1953, at 5.30 p.m. 

The Annual General Meeting of the Voting Contribu- 
tors to the Institution of Structural Engineers’ Bene- 
volent Fund will be held at the Royal Technical College, 
Glasgow, on Thursday, May 21st, 1953, at 5.45 p.m. 

An Ordinary Meeting of the Institution will be held 
at the Royal Technical College, Glasgow, on Thursday, 
May 2ist, 1953, at 6 p.m., when a paper entitled “ En- 
gineering Aspects of the New Atomic Research Exten- 
sion, University of Glasgow,’’ will be given by Mr. D. M. 
Hamilton, B.Sc., M.Eng., M.I.C.E., and Mr. J. Hardie 
Glover, A.R.I.B.A. Introduced by Professor W. T. 
Marshall, B.Sc.(Eng.), Ph.D., M.I.Struct.E., A.M.I.C.E. 


Thursday, May 28th, 1953 
Ordinary General Meeting for the election of members, 
11, Upper Belgrave Street, S.W.1. 5 p.m. 


Thursday, June 25th, 1953 


Ordinary General Meeting for the election of members, 
11, Upper Belgrave Street, S.W.1. 5 p.m. 


REPRESENTATION 


The Council have made the following nominations of 
members to represent the Institution : 


ARCHITECTS’ REGISTRATION COUNCIL OF THE UNITED 
KINGDOM AND ADMISSION COMMITTEE 


Mr. F. R. Bullen (Hon. Curator). 


REGIONAL ADVISORY COUNCIL FOR FURTHER EDUCATION 
IN THE SOUTH-WEST—-NORTHERN AREA BUILDING 
ADVISORY COMMITTEE 


Mr. C. J. D. Boxall (Member). 


RESEARCH AWARDS 


The Council have awarded Research Diplomas for 
1951-52 to the following authors of papers published in 
THE STRUCTURAL ENGINEER :— 

Dr. W. B. Dobie, for a paper on ‘“‘ The Torsional 
Strength of Structural Members.” 


: prote . : ae oie Structural Engine 


es 3) s. Mackey ane Wenibery and Dr. Bo) M 
Brotton (Graduate) for a paper on “ An Investi 
gation into the Behaviour of a Riveted ag 
Girder under Load.” 


REGULATIONS GOVERNING ADMISSION TO 
MEMBERSHIP — 


The Council have made the following amendment t 
“Phe Regulations Governing Admission to Membershij 
of the Institution ”’ :— 


Paragraph v of Appendix II, which read : 

“ The Higher National Certificate or Diploma i in eithe 
Engineering or Building, if the subjects covered by th 
documents include Structural Engineering or Theory o 
Structures and either Engineering or Building Science, 
is now to read : 

“A Higher National Certificate or Diploma in ithe 
Engineering or Building if the subjects covered by th 
documents include 

(1) Either Structural Engineering or Theory 0 
Structures 

and 

(2) Either Engineering Science or Building Science. 
Both of the selected subjects must have been studied fo 
at least two years and the examination papers in thess 
subjects must have been assessed in the final year i 
which the subject was taken.”’ 


DRURY MEDAL AWARD 


The fourth competition for the above award will tak 
place in 1953. The subject is the design of the structur 
of a new factory building. The material of constructio 
is entirely at the choice of the competitor. The comps 
tition has been designed to encourage ingenuity ¢ 
structural arrangement. Economy in the use of steel : 
an important feature of this year’s competition. 

Graduates and Students of the Institution who wis 
to compete are invited to apply for full details to th 
Secretary ; envelopes to be marked in the top left-han 
corner, ‘‘ Drury Medal Award,” 

The closing date for the competition is October Is 
1953: . 
"The general conditions of the competition are 
follows :— 

i. The competition shall be for Graduates al 
Students of the Institution of not more than 25 yeai 
of age. 

2. The subject of the competition shall te a design « 
a structural character, that is to say primarily structur 
design, not planning. 

3. The subject of design and conditions shall f 
prepared and issued biennially by a group of five men 
bers appointed by the Council. « 

4. The Literature Committee shall appoint a Jura ‘ 
not less than five to examine the works submitted ar 
to interview candidates, if found’ necessary. 

5. In order to show that the work submitted is sole; 
the work of the competitor, the documents submitte 
shall be countersigned by a corporate member of tl 
Institution or, failing this, shall be accompanied by 
declaration on a prescribed form signed by the candida) 
in the presence of a Justice of the Peace or a Commi 
sioner for Oaths. 


EXAMINATIONS 


PREPARATION FOR THE EXAMINATIONS OF THE 
INSTITUTION BY ATTENDANCE AT TECHNICAL COLLEG 


A candidate for Graduateship or Associate-Mem 
ship may be able to attend a technical college ;.th 


We 
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otes are intended to guide him in choosing the most 
ditable instruction. 


Bee inion FOR THE GRADUATESHIP EXAMINATION 


Technical Colleges offer : 

'(a) Full-time courses for degrees or Higher National 
jiplomas in Building or Engineering. 

_(b) Part-time day or evening courses for Higher 
Yational Certificates in Building or Engineering. 

“If he obtains a Higher National Certificate or Diploma 
omplying with Appendix 11, Section V, of thesRegula- 
ions Governing Admission to Membership, the candi- 
late will be exempted from the Graduateship Examina- 


1on. 

Alternatively, he may study subjects selected from 
he available courses and sit the Graduateship Examina- 
ion. At technical colleges, courses are usually available 
n Building Science or Engineering Science, Strength of 
faterials, Theory of Structures and Surveying, but 
tudents are not normally allowed to select subjects from 
ational Diploma or Certificate courses unless they can 
how evidence of sound training in more elementary 
tudies. The advice of the College Authorities should 
e followed. 

\ 

PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 

| EXAMINATION 


_At some technical colleges there are part-time courses 

n Structural Engineering which cover the syllabus of 

he Associate-Membership Examination. At other col- 

sges the candidate must rely on Higher National 
rtificate courses or on advanced courses in Building, 
ivil Engineering or Municipal Engineering ; these 
ver only part of the requirements for the Associate- 

fembership Examination. 

Colleges in the first category provide at least two years 

ff instruction in Theory of Structures and in Structural 

Ingineering Design and Drawing up to Associate- 

Membership standard. They also give instruction in 

structural Specifications, Quantities and Estimates. 

The Colleges which have informed the Institution 

hat courses in Structural Engineering are available 

2) 

Belfast College of Technology. 

Birmingham College of Technology. 

Bolton Municipal Technical College. 

Bradford Technical College. 

Bridgend Technical College. 

Chesterfield College of Technology. 

Derby Technical College. 

Dudley and Staffordshire Technical College. 

Glasgow Royal Technical College. 

City of Liverpool College of Building. 

L.C.C. Brixton School of Building, S.W.4. 

L.C.C. Hammersmith School of Building and Arts 
and Crafts, W.12. 

Manchester College of Technology. 

_ Middlesbrough, Constantine Technical College. 

_. Salford Royal Technical College. 

South-West Essex Technical College, Walthamstow, 
E.27. 

Stockport College for Further Education. 

Twickenham Technical College. 

Willesden Technical College, N.W.ro. 


Colleges in the second category provide instruction in 
heory of Structures from which the student may reach 
sociate-Membership standard, but instruction in 
ctural Engineering Design and Drawing and in 
ctural Specifications, Quantities and Estimates 1s 
t usually. so complete. The colleges which have 
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informed the Institution that such courses are available 
are :— 
Brighton Technical College. 
Cardiff Technical College. 
Edinburgh, Heriot-Watt College. 
Hudderstield Technical College. 
Leeds College of Technology. 
London, Battersea Polytechnic, S.W.11. 
London, Northampton Polytechnic, E.C.xr. 
L.C.C. Westminster Technical College, S.W.1. 
Plymouth and Devonport Technical College. 
Preston, Harris Institute. 
Wigan Mining and Technical College. 
Woolwich Polytechnic, S.E.18. 

Students attending colleges in the first category are 
advised to take the organised courses in Structural 
Engineering. Students of Graduate Membership stand- 
ard will usually be allowed to select subjects from 
courses provided by colleges in the second category. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 
The following meeting has been arranged :— 


Saturday, May 16th, 1953 
Visit to Messrs. E. Sherry, Ltd., Barking Wharf, 
River Road, Barking, to see modern methods of timber 
seasoning and timber preparation and storage. Meet 
outside the Works at 10.15 a.m. 
Hon. Secretary: J. F.S. Pryke, B.A.Hons., ““Bushcroft,” 
Slipe Lane, Wormley, Herts. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


Hon. Secretary: A. $. Sinclair, A.M.UStruct.E., 
17, The Circuit, Cheadle Hulme, Cheshire. 


MIDLAND COUNTIES BRANCH 


Hon. Secretary : L. A. Firminger, A.M.I.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 


MIDLAND COUNTIES BRANCH—GRADUATES’ AND 
STUDENTS’ SECTION 
Hon. Secretary : F. G. Fletcher, 60, Brean Avenue, 
South Yardley, Birmingham, 206. 


NORTHERN COUNTIES BRANCH 


Hon. Secretary: O. Lithgow, A.M.1L.Struct.E., 4, 
Stoneleigh Avenue, Acklam, Middlesbrough. 


NORTHERN IRELAND BRANCH 


Hon. Secretary: S. G. Duckworth, M.I.Struct.E., 
“Lisleen,” 13 Finaghy Road North, Belfast. 


SCOTTISH BRANCH 


Hon. Secretary : D.G. Drummond, B.Sc.,M.1.Struct.E. 
A.M.I.C.E., 11, Woodside Terrace, Glasgow, C.3. 


SOUTH-WESTERN COUNTIES BRANCH 
Hon. Secretary: E. W. Howells, M.I.Struct.E., 
c/o Messrs. T. L. Harding & Sons, Ltd., 10-12, Market 
Street, Torquay, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meeting has been arranged :— 
Wednesday, May 13th, 1953 
Annual General Meeting at the Mackworth Hotel, 
Swansea, at 6.30 p.m. 


Hon, a secretary. . G. Rope Breton, AMC 
A.M.1.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. 


Ds ile 
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WESTERN COUNTIES BRANCH 


The Fifth Meeting of the Session was held at the 
University of Bristol on February 6th, when Mr. F. G. 
Clarke (Associate-Member) presented a paper on ‘‘ Some 
Local Contracts and Welded Steelwork for a Bus 
Garage.” 

The paper was well illustrated and the local nature of 
most of the jobs referred to were particularly interesting 
to members and their friends. Professor A. G. Pugsley, 
Oa RS. (MCC b. F.RAes.21 Vice-bresident) 
proposed a vote of thanks to the author for his paper 
and for the very able manner in which he had answered 
the questions put to him. 

An extra meeting was held at the University of 
Bristol on February 27th, when Mr. A. Mason, A.M.I.C.E. 
(Associate-Member) presented a paper on “ Design and 
Construction of Reinforced Concrete Bridges with 
particular reference to Southern Rhodesia.’”’ The author 
illustrated the various types of bridges which have been 
constructed in Southern Rhodesia in recent years and 
it was interesting to note the improvements in methods 
of design and construction with each succeeding bridge. 
A vote of thanks to the author was proposed by Mr. C. E. 


Saunders (Member). 
Book 


Civil Engineering Reference Book, Edited by E. H. 
Probst, D.Eng., M.I.C.E. and J. Comrie, B.Sc., A.M.I.C.E 
(London : Butterworths Scientific Publications, 1951) 
Z,700 pp. 10in. x 64m? £7 7s. 

The aim of this book, as stated in the introduction, is 
to give to the civil engineer, in whatever capacity he may 
be acting, a concise presentation of the fundamentals of 
the theory and practice of all branches, and this purpose 
it fulfils admirably. 

Divided into 48 chapters, each written by an expert in 
the particular field, every branch of civil engineering is 
covered. Some of the sections of particular interest to 
structural engineers are on mechanics, strength of 
materials, thin slabs and shells, theory of structures, soil 
mechanics, cements, site investigation, foundations and 
earthworks, steel and reinforced concrete bridges and 
buildings, welded structures, principles of plain and rein- 
forced concrete, precast concrete construction, light 
alloy construction, timber construction. 

There are chapters on subjects common to several 
branches of civil engineering, such as specifications and 
quantities, surveying, building materials and works 
construction, and short chapters on such special subjects 
as explosives, fire protection, legal notes and patents. 
A few chapters have been added dealing with develop- 
ments abroad. 

Fundamental theory is given in the chapters on 
general science, and many worked-out examples are 
included throughout the volume. Each section con- 
cludes with a useful bibliography to act as a guide to 
further study. 


The book is well illustrated, and the general appearance, 
arrangement, paper and print are of high standard. 


Telai Elastici, by Carlo Luigi Brunoli. (Milan : 
Ulrico Hoepli, 1951.) 223 pp. Ioin. xX 72in. Price 
2,000 lira. 

This book gives a method for the calculation of elastic 
building frames. It is divided into four parts, the first 
of which deals generally with vertical elastic frames 
using a method based on nodal points. The second part 


The Structural Engine 


The Sixth Meeting of the Session took the form of 
Combined Meeting with the Institution of Civil Enginee 
and was held at the University of Bristol on March 5t 
when a paper on “ Plymouth ‘ B’ Power Station ”’ w. 
presented by Mr. L. Richardson, A.M.I.C.E. (Associat 
Member). A vote of thanks was proposed by Mr. C. I 
Williams (Member). 

Hon. Secretary :.E. Hughes, A.M.[.Struct.E., 2 
Southdown Road, Westbury-on-Trym, Bristol, 9. 


YORKSHIRE BRANCH 
Hon. Secretary: E. Wrigley, A.M.I.Struct.E., 1 
The Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. Durit 
week-days Mr. Tait can be contacted in the City E. 
gineer’s Department, Town Hall, Johannesbur 
‘Phone > 34-7111 Ext! 257: 

Natal. Section, Hon. Secretary: EE. G.” Benner 
A.M.I.Struct.E.; c/o Reinforcing Steel Co:, Ltdjere 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.F 
P.O. Box 1692, Cape Town. 


Reviews 


is confined entirely to Vierendeel girders and the thi 
deals with the torsion of horizontal frames. Part |! 
consists of worked-out numerical examples. 


Dimensional Analysis.and Theory of Models, | 
Henry L. Langhaar. (New York : Wiley, London 
Chapman & Hall, 1951.) 166pp. gin. xX 6in. 32s. 

In this book Professor Langhaar has set out’to co 
dense into a single volume of 166 pages the applicatia 
of dimensional analysis and model theory to the fo 
major branches of engineering science. 

The first four chapters are devoted to the fandamedl 
concepts of dimensional analysis and its applications, t. 
various systems adopted for the calculation of disal 
sional products, and proofs of the underlying algebr: 
theory. The development of the Buckingham theore 
for the reduction of a dimensionally homogenc 
equation among several variables is presented in chap 
four and should be studied by all those engaged 
experimental engineering research. 

The author then deals with the laws of similarity a 
their application to the testing of model structur 
This is followed by four chapters devoted to the app 
cations of dimensional analysis to stress and strain, flv 
mechanics, theory of heat and electromagnetic theo: 
Finally there is a chapter devoted to the derivation 
model laws from the governing differential equations. 

The appeal of the book to structural engineers v 
largely be confined to those engaged on research work ai 
on model structure analysis and in this restricted field t 
book suffers shghtly from the wide field of applicatic 
covered. 

In fairness to the author however, it must be stat 
that the book is primarily intended as a students te: 
book. As such it fills a definite gap in engineeri 
literature, and in the development of engineering deg: 
and diploma courses the book may be profitably stud: 
by both teachers and students alike. The practisi 
engineer who may have occasion to apply dimensional 
model analysis to practical design will find the essenti 
of the subject presented in a clear and logical fashi 
which tends to easy reading. S 
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|g | and its Application to Design’ 


By G. G. Meyerhof, Ph.D., M.Sc.(Eng.), A.M.I.C.E., A.M.LStruct.E., A.M.ASCE. 


Summary 


i) ‘The Bering capacity of shallow and deep foundations 
under a central load is briefly discussed, and the effects 
of eccentricity and inclination of the load are indicated. 
The total and differential settlements of foundations are 
estimated in relation to the soil and foundation charac- 
teristics and the stiffness of the structure. The settle- 
ment stresses in foundation and superstructure are 
considered, and recent observations on brick walls and 
eladded building frames are analysed. The lateral 
movement and tilting of foundations are estimated and 
illustrated by the results of some loading tests on model 
portal frames on clay and sand. 
2 Introduction 
"Inthe past, foundation design was essentially empirical 
a based largely on permissible bearing pressures or 
loads. to avoid failure of the ground. The study of 
oundation behaviour in the field amplified by laboratory 
a has led to a more rational approach in which 
le results of a site exploration and soil tests form the 
isis of an analysis of the stability and probable move- 
ment of the proposed foundation and superstructure. 
The present paper is mainly concerned with recent 
research on foundation behaviour and indicates how 
the tesults may be applied to structural analysis. 
_ The main purpose of the paper is to show how the 
soil, the foundation and the structure can be considered 
one integral unit and to discuss in general terms the 
i. aspects of this approach. Since foundations form 


lave to fulfil two main interrelated functions : First, 
the stability of the foundation soil must be assured 
with an adequate margin of safety and, second, the 
ovement of the foundation must be within limits that 
be tolerated by the superstructure. It is convenient 
iscuss these aspects separately first and then to show 
they may be interrelated. 


1. Stability of Foundation 


In order to ensure the stability of the structure, the 
ds transmitted to the foundation must be within the 
mate load bearing capacity of the soil. An estimate 
his bearing capacity at which shearing failure of the 
occurs can be obtained from plastic theory’ *, using 
mber of simplifying assumptions. Thus the zones 
hearing failure in the soil near the foundation are 
ised as indicated in Fig. Tein saddition. she 
pons strength of the soil is represented by 

= ¢ + p tan @ (Coulomb-Mohr’s theory of 


rupture), 
Where c = cohesion, 
_. p = normal pressure on | shear plane, 


@ = angle of internal friction. 
tther, the effect of the deformation of the soil on the 
ing ones is taken into pacount by an empirical 


The total bearing capacity of a foundation of base 
area A» and side (or shaft) area A, is then given by 


POSS COA oH RSE wasnt ord oJ ets eR ee SR) 
where g = unit base resistance 
and sa = average unit skin friction. 


(6) Deer FOUNDATION 


(@) S¥ALLow FOUNDATION 
(crecuLAR PILE) 


(STRIP FOOTING) 


Fig. 1.—Theoretical failure zones at bearing capacity 
of foundations 


It has been shown? that for a foundation of width B 
and depth D in uniform soil 


B 
q = Cincy + y— Nyra sd dais naane 4 helt Ree ere eeaies (2) 
D2 i 
where y = density of soil 


and Neq and Nay are bearing capacity factors, depending 
mainly on 2, depth and shape of the foundation and 
the inclination of the load. The base resistance and 
skin friction can be estimated from the mechanical 
properties of the soil and ground water conditions and 
from the physical characteristics and method of instal- 
lation of the foundation. 


(a) Shallow Foundations 


For footings and rafts when D/B Sr, the above ex- 
pressions can be simplified because the skin friction is 
small and may be ignored. For clays (purely cohesive 
materials, @ = 0) the bearing capacity is therefore 
given by the first term of eq. (2), while for sands and 
gravels (cohesionless materials, c = 0) the bearing 
capacity can be represented by the second term of 
eq. (2). The results of this analysis, which is supported 
by extensive research on model footings and limited 
field data” *, are shown in the lower parts of Figs. 2a 
and b for a vertical load on a horizontal foundation. 
In the case of clays the original overburden pressure yD 
at base level can be added to the graphed values (Fig. 
2a). Full submergence of sands and gravels reduces 
the effective density and thus the bearing capacity by 
about one-half (Fig. 2b) ; the bearing capacity is however 
not affected by a water table at a distance greater than 


152 


about 1.5B below the base so that the bearing capacity 


for intermediate positions of the water table can be 
interpolated accordingly. 

In practice foundations are frequently subjected to a 
horizontal thrust H and bending moment M in addition 
to a vertical load V. This condition reduces the bearing 
capacity and can best be considered in two stages :— 
(i) the effect of inclination, and (ii) the effect of eccen- 
tricity of the load on the bearing capacity. The following 
results have been obtained from a theoretical analysis, 
which is supported by loading tests on model footings’. 

For a load that is inclined at an angle « = tan-1 (H/V) 
to the vertical, the factors Neg and Nyzq in eq. (2) are 
reduced, and for any position of the load on horizontal 
foundations the reduction factors given in Table 1 have 
been obtained. 
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The bearing capacity of an eccentric inclined load iz 
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readily estimated by combining the methods of analy: 
summarised above, i.e., the reduction factors for inci 
tion are used in combination with the effective contac 
width or area for eccentricity. In the case of pac 
footings the whole structural H, M, and V are trans 
mitted to the horizontal bearing area since the sol 
resistance on the vertical sides is negligible. In the 
case of deep block footings (D/B approaching 1) witk 
large eccentricities (e/B approaching 0.5) however the 
resistance on the sides enables somewhat larger forces 
to be applied to the top of the footings, especially ir 
cohesionless soils. . 

So far as building frames on single column footing: 
are concerned, it follows that in the absence of structure 
failure the maximum H, M, and V which can be imposec 
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TABLE 1.—Reduction Factors for Vertical Bearing Capacity of Shallow Horizontal Foundation under Inclined Load — 
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Foundation | Inclination of load with vertical oc § 
Depth - 
Soil Type | 
Width On P 20° 30° 45° 60° go° 
D/B 
Clays Mi Si Au o to I I.0 0.8 0.6 0.4 Te Ones 0.15 fo) F 
Sands and ) 1.0 0.5 0.2 oforx® = @ — —_— 
Gravels I 1.0 0.6 0.4 0.25 0.15 0.05 fo) 


The vertical component of the bearing capacity at any 
given inclination of the load is then found by multiplying 
the bearing capacity for a vertical load (e.g., Figs. 2a 
and. b for a central load) by the appropriate reduction 
factor. The horizontal component of the bearing 


_ capacity is equal to tan « times the vertical component ; 


to this result can be added the passive resistance on the 
vertical face of the toe. 

If the load on a foundation acts at an eccentricity 
e = M/V, the maximum toe pressure has hitherto been 
taken to govern the bearing capacity. This approach 
is generally safe for small eccentricities but not for 
large ones*. A more rational method is obtained by 
assuming that the contact pressure distribution under 
an eccentric load is identical with that of a centrally 
loaded foundation of reduced width B’. Thus for a 
strip foundation with single eccentricity e of the load 
acting in any direction 
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so that for clays the bearing capacity 
q = Ge (I—2e/B)  . SEP Be ECU (4a) 
while for cohesionless soils | 
Geriigs (t— 26) Bay ai et nae NO eee ADDY: 
where ge = bearing capacity of a central load (e.g.’ 


Figs. 2a and b for a vertical load) at given D/B’. 
With double eccentricities ex and ey of the load, the 
minimum effective contact area A’» (with straight 
boundary across the base) is found by assuming that 
the centroid of the area coincides with that of the load. 
Then the total bearing capacity 
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where q is given by eq. (2) but now depends on B’ 
instead of B. 


on a column at footing level are interdependent and ar 
governed by the bearing capacity of the soil for thi 
particular ratios of H/V and M/V. Thus for a giver 
H/V and a single eccentricity of the load the maximun 
bending moment at the column base is 
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where Q. = total bearing capacity of central loac 
(vertical or inclined). In conjunction with the previou 
relationships it can be shown that for clays the absolut, 
maximum M = Q, B/8 independent of depth, whil 
for sands and gravels the maximum M varies fron 
OQ. B/13.5 for D/B = 0 to about Qe B/10 for D/B = 1 
Similarly, for a given M/V the maximum shearin; 
force H at the column base depends on « ; and it can bi 
shown that for clays the absolute maximum H varie 
from about 0.2Qy for D/B = 0 to 0.4Qy for D/B = 1 
while for cohesionless soils the maximum H varies fron 
about 0.1Qy for D/B = 0 to 0.2Qy for D/B = 1, wher 
Qy = bearing capacity of vertical load (central o 
eccentric). Pets 

The whole analysis in this section applies strictly onh 
to single footings but is also sufficiently accurate fo 
groups of shallow footings and for rafts. Where th 
soil is variable with depth, the average shearing strengtl 
within a depth of about 14 B below the base, controls th 
bearing capacity at foundation level provided 
strength at a depth of 14 B is not less than about on 
third of the average upper shearing strength ; if not, 
then the bearing capacity is governed by the weake 
lower layer and can be estimated by spreading the loa: 
to that layer at an angle of 30° to the vertical. 


(b) Deep Foundations 
For piers and piles the skin friction (adhesion) ma: 
form the major contribution to the bearing capacit: 
depending on the soil type and the method of installin 
the foundation. In clays, the adhesion varies betwee 
wide limits and, except in the case of piers, governs 
bearing capacity. Thus field loading tests on bor 


fadon clay showed that water from the concrete 
fftens the clay and ‘reduces the adhesion to 300- 
90 Ib./ft.2 ; on the other hand tests on driven piles, even 
y Ty sensitive clays, indicated that after a month or so 
ie adhesion may be taken as equal to the undisturbed 
tearing oa of the soil within a limit of about 
00 lb./ft.2(?). These lower and upper limits of the 
saring capacity are indicated in Fig. 2a, 

‘In sands and gravels, however, the skin friction can 
ually be ignored and the corresponding bearing 
tpacity is shown in’ Fig. 2b. Where piers or piles pass 
ough clay and rest in underlying cohesionless material, 
e skin friction of the clay (Fig. 2a) can be added to 
ie base or point resistance of the cohesionless soil 
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not cued one-third of the ultimate bearing capacity 
under normal loading conditions nor one-half of the 
ultimate under the most unfavourable conditions, when 
substantial local overstressing of the soil near the 
foundation has to be avoided. These factors of safety 
are of the same order as those normally used in struc- 
tural design ; since the most unfavourable loads act 
only for a short time and do not affect the settlement, 
settlement estimates should always be based on the 
normal loads in order to decide whether a factor of 
safety of 3 against shear failure is adequate to keep the 
movements within tolerable limits. 

While the bearing capacity of most types of founda- 
tions can be assessed from simple soil tests with an 
accuracy sufficient for most practical purposes, the 
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Bonding ‘to the appropriate Briiedinent ratio 
2b). On account of the small point resistance in 
piles should generally not be driven through sand 
tavel layers, which also assist in reducing settlement 
spreading the load. 

ere the pier or pile spacing is less than about four 
the base or point width, the bearing capacity of a 
is usually given by the base resistance of piers or 
s and enclosed soil plus the skin friction of the 
i eter of the group ; for stratified soil the method of 
mating the bearing capacity is similar to that 
ed above®. The bearing capacity of piers or. pile 
Ips ‘under eccentric and inclined loads can be esti- 
ted as indicated for shallow foundations with allow- 
é for any lateral soil resistance’. 


—s-2. Settlement of Foundation 
7 the foundation is located below the depth at which 
‘is subject to volume changes due to climatic 
cial influences, the movements due to structural 
form the criterion to the permissible bearing 
or loads. To ensure a reasonable margin of 
ainst shear failure of the soil, it has been 
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Fig. 2 (a) Bearing capacity of foundations in clays 


probable settlement, and even more, its distribution 
over the foundation area depends on so many factors 
that it can only be estimated within fairly wide limits 
except in special cases. In general, the average settle- 
ment of a structure carrying a given load decreases as 
the size and depth of the foundation increases. Since 
stronger soils are usually less compressible than weaker 
ones, it follows that the settlement of a foundation is 
likely to decrease as the bearing capacity of the soil 
increases, other things remaining unchanged. For 
soils which are uniform with depth the above relation- 
ships can be expressed arta! ee certain 
limits. 


(a) Total Settlement 

The settlement of a structure due to foundation loads 
can be divided into (i) immediate settlement due to 
deformation of the soil without volume change, and 
(ii) consolidation settlement due to closer packing of the 
grains. The immediate settlement occurs mainly on 
application of the load and consists of an elastic (recover- 
able) portion, which can be estimated from elastic 
theory’, and a plastic (irrecoverable) portion, which can 
be estimated from plastic theory’. In prachiee it is how- 
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ever frequently sufficiently accurate to estimate the 
whole immediate settlement S; from elastic theory, using 
a mean secant modulus of deformation EF, at one-half of 
the compressive strength of the soil’. Then it can be 
shown that for a foundation of width B and bearing 
pressure p 
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where C = influence value depending mainly on shape 
and depth of foundation and thickness of compressible 
stratum. 
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Fig. 2 (b).—Bearing capacity of foundations in sands 
and gravels 


Analysis of field observations on spread foundations in 
clays indicates* that Es varies from about 50 to 200 
times the cohesion and approximately 
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where F = factor of safety against shear failure (F 23). 
The magnitude of consolidation settlement S: can be 

estimated from consolidation theory! and may be 

represented by : 
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where Ky = mean modulus of compressibility of soil 
and o<USr is the degree of consolidation at any 
given time, 


The maximum time to be considered depends on the 
economic life of the structure, and in preliminary 
estimates U can be taken as unity. 


Combining eqs. (7) and (9) the total settlement 


The Structural 


S=Si4St 
Cb B 


Hae 
where E’; -= effective modulus of deformation 
Ey Ky 


0.75 Ky+UEs 


* 
i 
Preliminary examination of published data indicate 
that Ky varies from about 25 to 80 times the cohesik 


for normally-consolidated (i.e., recent and general 
soft) clays to from 70 to 200 times the cohesion for ove 
consolidated (older and usually firm to hard) clays. ~ 
the latter case the order of the observed total settle 
(U =1) 


S) (3 to 7%) Bi (es) 


For normally-consolidated clays the estimated settleme 
would be up to three times larger. Further, the limit 
field observations indicate that on the same clay t 
total settlement is up to two to three times the immedia 
movement. 

On account of the large permeability of cohesionle 
soils, foundations on sands and gravels settle main 
on application of the load, and for practical purpos 
only the total movement is required. The results 
laboratory and field loading tests and settleme 
observations on buildings with shallow foundations | | 
sand indicate® that approximately 


Bs 


i= 20: ton407G) 


(B + 1)2F 


where B is measured in feet and the water table is 
more than B below base level ; if the water table is 
base level, the settlement is doubled. 

The above relationships (eqs. 12 and 13 with F = 
enable a rough preliminary estimate to be made of t 
probable settlement of a structure on shallow founc 
tions. After the effect of this movement on the structu 
has been ascertained along the lines indicated below 
more accurate assessment can then be made from 
detailed investigation of the particular site. 


(ft.) (F=3). . 
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(b) Differential Settlement 


The total settlement is mainly important in relati 
to access and services of a structure and is sensil 
unaffected by structural stiffness so that it rar 
influences structural design. The differential settleme 
however depends not only on the factors governing { 
total movement but also on the layout and rigidity 
the structure and the variation of the compressibil 
of the soil in plan ; it is therefore more difficult 
estimate and is more important because. it affects 1 
behaviour of the structure under working conditions. 

Analysis of field observations® indicates that 1 
(maximum) differential settlement of footings on ni 
mally-consolidated clays at customary bearing pressu 
may be very large (several inches) but for over-consé 
dated clays rarely exceeds ? in. For rafts on clay 1 
differential settlement is about one-half of the to 
movement, but the slopes of the bowl-shaped deforn 
tion are so gentle that the differential movement betwe 
adjacent columns never exceeds a small fraction of - 
differential settlement of the whole raft. Settlem 
records of uniformly loaded strip footings and equ 
loaded pad footings of similar size on sands show t 
the (maximum) differential movement is unlikely 


ree-quarters of the maximum settlement®. For 
n sand the differential settlement between adjacent 
ns may be equal to the differential settlement of 
ae whole raft, which is about three-eighths of the total 
ovement. 

If the total settlement has been calculated, then on 
jae basis of these field indications the differential 
ettlement of a structure on shallow foundations can be 
stimated approximately ; and it has been suggested® 
hat most ordinary structures can withstand a differ- 
tial movement of # in. between adjacent columns, 
om which permissible bearing pressures have been 
lected. The author considers however that the 
yvements which can be tolerated by a structure can 
ly be decided in each particular case on the basis of a 
tuctural analysis. In an earlier paper a method was 
oposed® in which the foundation and settlement 
aracteristics of the soil at a site could be interrelated 
th the loading, layout and rigidity of building frames 
nm single footings. This method, which treats the super- 
itructure, its foundations and the underlying soil as one 
mplete statically-indeterminate system, will now be 
xtended to give at least a qualitative indication of the 
ehaviour of different types of structures on different 
rypes of soil. 

The present analysis is based on elastic theory for 
oth structure and soil, which would appear to be 
easonable for working stresses of one-third or less of the 
iltimate. The structure is assumed, to be uniformly 
oaded-with an effective flexural rigidity E'I which 
lows for elastic and creep deformations. The soil is 
issumed to be an isotropic half-space with a constant 
fective modulus of deformation E’s which includes 
tic, plastic and consolidation characteristics (eq. II). 


cohesive soils ; in cohesionless materials E’. increases 
with depth so that the results are then only very approxi- 
nate. 

“When a uniformly loaded foundation of width B 
ests on an elastic medium, it has been shown!” 1! that 
e distribution of contact pressure on the base depends 
_ the relative stiffness Ky, of the foundation (Z’J per 
it width or length) to that of the soil (expressed by 
".B*). Using the corresponding general equations for 
ular and long strip foundations and the finite differ- 
ce approximation suggested!” for other shapes, the 
thor has computed the settlement and the bending 
ents and shearing forces (see below) along the 
cipal axes of foundations of different shapes and 
ive stiffness Kr. Details of this analysis are outside 
cope of this paper, but the general results obtained 
he maximum total and differential settlements are 
icated in Figs. 3a and b. The total settlement 
ases with the length/width ratio L/B of the founda- 
but for any given L/B the (maximum) total settle- 
t is not very much affected by the relative stiffness 
(Fig. 3a). It can be seen from Fig. 3b that the 
aximum) differential settlement however decreases 
dly as the relative stiffness AK, increases and, for a 
en Ky, increases somewhat with the ratio L/B. The 
tlement distribution along the principal axes of 
indations was found to vary from an approximately 
cular form for Kr = o to a parabolic form as Kr 
reased. | 

In practice the flexural rigidity of the whole foundation 
frequently zero (i.e., where a building rests on a 
mber of individual footings) or is at least small 
pared with that of the superstructure, especially 
re the latter consists of a rigid frame with cladding 


at least an approximate estimate of the flexural 


analysis applies therefore mainly to foundations . 


r of load-bearing walls. It is therefore necessary to. 
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rigidity E’s Is of the superstructure, which has to be 
added to E’r I of the foundation to obtain the total 
E’I on which the differential settlement depends. For 
this purpose two main types of superstructures, multi- 
storey building frames and load bearing walls, will be 
considered. 

Consider an open multi-storey building frame of 
length L with approximately equal bays of length / 
deflecting into the shape of a trough with a similar 
curvature at each floor level and a maximum differential 
settlement A. 

As the beams (including floor slabs in an encased 
steel or reinforced concrete frame) are generally stiff 
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(b) Differential Settlement 


Fig. 3.—Effect of relative stiffness on total and differ- 
ential settlements of uniformly loaded structures 
and foundations 


compared with the columns, the points of contraflexure 
in the columns can now as a first approximation be taken 
at mid-storey height. Then it can be shown (Appendix 
1a) that in any storey of height h the effect of the 
columns is to increase the flexural rigidity E’Iy of the 
whole beam line to 


Ai + Ku 


L2 
ET = E'Iny [2+ ( ) =| . (14) 
Ay + Ki+ Ku / 


where Ky = I»/l = average-stiffness of beams, 
ky = ti/h = average stiffness of lower columns 
and Ku = Ju/hu = average stiffness of upper column 
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for a rigid frame or the cprteaponddine equivalent stiff- 
nesses in a semi-rigid frame® 1%, 

Hence for the total superstructure 


LE’I'y of each storey level obtained from 


10 Ae 
eq. (14). 
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Fig. 4.—Effect of relative stiffness on maximum 


bending moment and shearing force in uniformly 
loaded foundations 


As a check, this method has been applied to a 5-storey, 
3-bay rigid frame, which had previously been analysed 
in detail®. Using eq. (14) it was found that the columns 
increased the beam stiffnesses about five times and the 
resulting differential settlement was within 5 per cent. 
of that obtained before. 

External building frames are generally stiffer than 
indicated above on account of wall cladding. Where 
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(2) TRANSVERSE BENDING MOMENT 


Fig. 5.—Bending moments and shearing forces in rigid strip foundation 


this consists of solid panels between the beams and 
columns and only shearing stresses can be transmitted 
from the framework to the panels, it can be shown 
(Appendix rb) that in any storey the flexural rigidity 


Toy ee 

(eq. 14) is increased further by -————. . (15) 
2 2 

where E’pJy = flexural rigidity of panel (in vertical 


plane). If the wall cladding is fully continuous so that 


the mole frame bennves like a ‘solid ae ead 
flexural rigidity of the framework itself can freque 
be ignored compared with that of the wall. The problet 
is then similar to that of load bearing walls, when 1 
the absence of openings 


E'b H3 ‘ 

Ee (1 

I2 4 

where b = average thickness of wall 4 ; 


H = 


Openings in the cladding or walls reduce the flexur 
rigidity and require a more elaborate analysis. 


and height of wall or structure. 


3. Settlement Stresses in Foundation and a 
Superstructure — 


After the differential settlement of the foundatid 
has been estimated, it is possible to obtain the stress¢ 
in the foundation and superstructure from norm: 
structural analysis. For a uniformly loaded foundatic 
the bending moments and shearing forces can howeyi 
be related directly with the relative stiffness Ky by tl 
analysis mentioned above. The maximum _ bendir 
moments and shearing forces increase rapidly with # 
from zero for a perfectly flexible foundation to a max 
mum for a perfectly rigid foundation, and they increas 
with the ratio L/B (Fig. 4). The variation of tl 
bending moment along the principal axes of foundatio1 
follows that of the settlement, while the shearing for 
increases from zero at the edges of the foundation to 
maximum in the outer quarter: sections and then di 
creases to zero at the centre of the area. This variatic 


~ is shown in Fig. 5 for a rigid strip foundation for which, 
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closed solution has been obtained (Appendix 2a). 
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(6) TRANSVERSE SHEARING FORCE 


The above results, which are independent of founds 
tion depth, can be applied directly to the design « 
uniformly loaded rafts and solid load bearing wal 
when the stiffness and thus the bending moments 
shearing forces can vary within wide limits. On tk 
other hand single footings, unless very wide, may t 
taken as perfectly rigid (Kr = «). The correspondir 
bending moments and shearing forces in a strip footir 
with a central line load (Appendix 2b) are shown i 
Fig. 5 and differ little from those obtained by t 
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ustomary method based on a uniform distribution of 
he contact pressure. 
ending moments and shearing forces in superstructures 


re best ascertained from the estimated differential 
ettlements. The. necessary equations were given 


mreviously® for open (bare or encased) rigid and semi- | 


igid building frames. Analysis of a few typical frames 
ndicated that considerable settlement stresses could 
ye induced in all structural members and would be largest 
n beams at external joints and in all but centre coliimns, 
‘specially in the lower storeys. It was also shown that 
n order to prevent overstressing (as distinct from 
‘ollapse) the permissible bearing pressures or loads for a 
siven layout of the foundation had to be reduced as the 
‘tructure became stiffer. Panels and other wall cladding 
‘tiffen exterior building frames appreciably, and the 
sroportion of the load carried by the cladding and the 
ramework depends on their relative flexural rigidity, 
which in simple cases can be assessed from eqs. (14) and 
15) ; the corresponding bending moments and shearing 
Orces in the components follow then from the analysis 
Appendix 1). In practice this composite behaviour of 
he structure is much more complex, and in order to 
ybtain some idea of the order of the stresses induced by 
he deformation of structures, the results of recent 
esearch will be briefly analysed in relation to load 
Nearing brick walls and building frames. 
Some vertical loading tests have recently been carried 
t afthe Building Research Station!* on 8 ft. high 
lid brick walls without supporting beams on an 
tO ft. 6 in. effective span. Cracking started at a central 
deflection of 0.004 in. (A/L = 1/20000) when the 
maximum tensile stress was about 50 Ib./in.* ; failure 
d not even occur at three times the cracking load. In 
similar tests on walls without and with central openings 
shallow reinforced concrete supporting beams no 
sacking was noticed at the previous maximum load 
1en the deflection varied from 0.02 to 0.03 in. (A/L = 
/4000 to 1/6000) and the maximum stress was about 
[20 lb./in.2 in the solid walls. In loading tests!® on 
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open frames, and a maximum tensile stress of, say, two- 
thirds of the tensile strength of the concrete. The 
stiffening and strengthening effect of wall panels in 
frames is shown by some (horizontal) racking tests 
carried out at the Building Research Station?’ on about 
10 ft. high and 12 ft. long cased steel frames with solid 
brick, clinker and clay block infilling panels. Cracking 
of the panels was first noticed when the (horizontal) 
displacement. varied from 0.3 to 0.4 in. (8/1 = 1/300 to 
1/400) compared with 1 in. (3/1 = 1/100) at cracking of 
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ft. high and 30 ft. long lightly reinforced brick walls 
th openings on concrete strip footings, which were 
ed up either at the centre or the ends of the walls, 


€ONSTRUC Tron) 


king began at a central deflection of 0.05 to 0.08 in. 
L = 1/4500 to 1/7000) when the average tensile 
S (ignoring the effect of the openings) varied from 
to 50 lb./in.? ; failure took place at about twice the 
icking load. It may be concluded from these pre- 
inary experiments that brick walls on footings under 
ort-term loading are likely to crack if A/L exceeds 
000 (height/length ratio H/L from 1 to 3) and the 
sile stress exceed 50 lb./in.2._ Under field conditions 
A/L ratio for a similar stress is likely to be much 
ter due to’ creep of the brickwork. Thus from 
rvations on brick walls of buildings it was found?® 
the maximum stresses at cracking were of the 
of 60 lb./in.2 and the corresponding angular 
rtion. was 3.5 xX 10-% rad. with A/L of about 
000. In order to have some margin of safety, 
maximum differential settlement A/L of 1/2000 and 
isile stress of 30 lb./in.2 may thus be suggested for 
dings with load bearing brick walls or continuous 
ick cladding. fe . 
Very little information exists about the distortion 
h encased steel and reinforced concrete frames can 
stand without harmful cracking. Based on the 
non limitations of deflections of structural members 
out 1/300 of the span / to avoid cracking of finishes, 
‘it 3/2 = 1/300 may be suggested for the permissible 
ial settlement between adjacent columns of 
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Fig. 6; (a).—Plan of Whitehall Gardens, London, 
showing layout of water levelling system 


the encasement of a similar open frame ; the correspond- 
ing average diagonal tensile stress in the panels appeared 
to vary from about 80 to 100 |b./in.?. The maximum 
load was about 1} times the cracking load and for 
the cladded frames it was 1} to nearly 3 times that 
of the open frame. In other racking tests!® on light 
frames with and without wall cladding for two-storey 
‘houses the framework took only a few per cent. of the 
total applied load with a corresponding reduction of the 
maximum horizontal deflection. Until further evidence 
is available, the differential settlement between adjacent 
columns of building frames with wall panels should 
therefore be limited to 3/) = 1/1000 and the maximum 
tensile stresses as suggested above for walls and concrete. 
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Thus, provided the permissible structural stresses are 
not exceeded, the limit 


ALE Nor 8/b) =X 


where X = constant depending on type of superstruc- 
ture 
and JL = length of wall or 7 = column spacing, as 


the case may be. 
It has also been shown that 
AGS: SOT SS Nis= 
where Y = constant depending mainly on the relative 
stiffness A, of structure to soil, 
and approximately, the total settlement 
Sie 023 LF 


where Z = constant depending mainly on soil conditions. 
Hence, substituting, the required factor of safety on 


WADE GROUND & {| 
0.0. 


Hl 
i 
il 


SECTION C-C (FG 6a) 


mnie 
I} |!) 
HHI} LUN 


| 
HHH 


LonoDON CLAY 


= 
wm 
~ 


| 
| 


| 
| 
| 


WEAN (ITED 


|| II 
i 


iI |! 
(LULU 


| 
| 


WootWicH & READING BEDS oP) 


[tt 


(@) Morrteo cray 


0 0 IH 
ae 


Gu o| 
a aes 
° 


o,° 


) 25 50 75 100 ft 
Fig. 6 (b).—Typical section through building and soil 


the ultimate bearing capacity of the soil to avoid 
excessive deformation of the structure is 


YZB YZB 
F = — ( or ) ane ioe te Lg 
XL Xl 


which depends on the characteristics of the soil, the 
foundation and the superstructure. This factor depends 
thus not so much on the breadth as on the shape in 
plan of the structure, 

To provide information about the behaviour of framed. 
buildings undergoing settlement, some observations 
have been made on a new Government Office Block, 
Whitehall Gardens, London; the results obtained, so 
' far, illustrate many of the points made in the last two 


| seetibes and will hovafore be beet: desenbed: 


building, of which construction details have alread 
been published?®, is a fairly stiff cladded steel- framed 
structure on a raft foundation of variable thickn 
resting mainly on London clay (Figs. 6a and b). Before 
construction a settlement estimate was made on the 
assumptions that the whole structure was perfectly 
flexible and rests on a 145 ft. thick compressible stratum 
whose settlement characteristics were the same as those 
determined at Waterloo Bridge?®. On account of the 
great’ foundation depth, the foundation pressure wa: 
practically balanced by the overburden pressure excep) 
in the north-eastern portion (Fig. 6a). For the balancec 
areas where a fairly flexible raft was provided, it wa: 
estimated that during excavation the clay surface wouk 
rise by up to 2 in., which would largely be recoveret 
during construction ; subsequent movement due to the 
adjacent net loaded area was expected to be small. hh 
the north-eastern portion, however, the superstructur 
was built on an existing stiff raft foundation and pro 
duced an average net bearing pressure of 0.8 ¢/ft.? witl 
consequent long-term settlement ; estimates for th 
edge (minimum at point A, Fig. 6b) and centre (maxi 
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Fig. 6 (c).—Minimum and maximum settlements of 
points on north-western portion 


mum at point B, Fig. 6b) of that area are given | 
Fig. 6c. 


During and after construction of the building (Fin 
Section) settlement observations were made, first I 
ordinary levelling and later by means of a permane 
water levelling system, installed on the sub-baseme 
floor, with reference to outside benchmarks on exist 
buildings for the absolute movement (Fig. 6a). Tl] 
installation consisted of 4 in. dia. copper tubes alo: 
outside walls and principal corridors with 5 ft. hy 
stand-pipes where the water level could be measured 
graduated glass tubes to determine differential sett. 
ments with an accuracy of 1/50 in. The recorded tot 
settlement to date and the relative settlement sin 
substantial completion of the north-eastern and nort 
western portions are given in Figs. 7a and b. The form 
portion on a relatively stiff raft has tilted slightly witho 
appreciable distortion on account of the great tot 
stiffness. The maximum settlement of about 14 ° 
occurred near the northern end where construction beg 
and the minimum of about 3 in. at the southern ene 
these movements are of the same order as those p: 
dicted (Fig. 6c). The north-western portion on a fai 


tent distribution expected on theoretical grounds with 
um of about 2 in. as_estimated. 

section of the latter portion (C—C, Figs. 6a and 
here the maximum differential settlement between 


Pipindation: hae assumed hs Beaichaped settle- 


i : Fig. 7(a) 


fixed to the steelwork. The stresses observed since 
substantial completion (Fig. 7c) are generally of the 
same sign as those predicted from differential settlement, 
but they are on the whole much smaller (the maximum 
observed stress is, however, about ? t/in.2 compared 
with an estimate of I t/in.2 at the same section). This 
difference may be explained by the effect of cladding of 
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been made of the corresponding bending stresses 
uced in the structural members of the two bottom 
eys on the assumption of rigidly connected bare 
tions with stiffnesses (K = I/I or I/h) given in Fig. 7c. 
ese estimated settlement stresses at the ends of 
bers, where they are largest, do not exceed about 
t/in.? (Fig. 7c), which is small compared with cus- 
mary design stresses (8 t/in.) for the dead and live 
ds on a bare frame. It is of interest to compare 
estimates with the stresses measured by the 
Research Station using vibrating wire gauges 


Osserven | 520-26" 0-41" 0.435" 0-40" 
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. _-*Fig. of (c). ~ Settlement bending stresses in basement storeys of section C-C (Fig. 7 (b)) (Winter 
1950/51 to Winter 1952/53) 


the frame, which is particularly stiff in the first bay 
where 9 in. thick brick wall panels are provided. This 
composite behaviour is also borne out by the observa- 
tions that on substantial completion of the building 
the maximum stresses were of the order of 3 t/in.*, while 
in a recent loading test on a beam (fourth span, Fig. 7c) 
the measured maximum stresses and deflections were — 
only about one-third of those estimated for a bare 
frame. It can therefore be concluded that although 
the present settlement stresses are small, they are of 


- some importance, and so far have amounted to about 
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one-quarter of the larger stresses due to normal struc- 
tural loads. 


4. Horizontal Movement and Tilting of Foundation 
and Effect on Superstructure 


Where a foundation is subjected to a_ horizontal 
thrust H and bending moment M in addition to a 
vertical load, horizontal movement and tilting must be 
expected in addition to settlement. According to 
elastic theory’ the stresses in the direction of a load 
on an isotropic half-space with effective modulus E’, 
are independent of the load inclination. For practical 
purposes this is also sufficiently accurate for the dis- 
placements so that for a horizontal foundation the 
total movement S in the direction of a pressure p 
inclined at « to the vertical can, as a first approximation, 
be estimated from eqs. (7) to (12) ; the horizontal and 


~ vertical components of the movement are then S. sin « 


and S. cos « ,respectively. Similarly, for a vertical 
eccentric load and the customary assumption of linear 
contact pressure distribution, the average tilt of a 
foundation can be computed from elastic theory ; the 
analytical results obtained by the author may be illus- 
trated by a square footing of width B (Fig. 8) when the 
tilt @ is sensibly directly proportional to eccentricity 
until the load approaches the footing edge 
3M 
and) Oia 


» very, nearly .-. abate (18) 
EBS 
For an eccentric inclined load the above movements 


calculated separately are merely superimposed. The 
movements observed on model footings under eccentric 
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Fig. 8.—Tilting of square footing under eccentric 
load 


and inclined load on clay* agreed reasonably well with 
the above analysis, but no field observations are avail- 
able as a check. 

Although horizontal and tilting movement can affect 
the stresses and stability of load bearing walls, it is 
especially important in arched and framed structures 
of single storey height. In multi-storey building frames 
the effect is greatest in the bottom storey and decreases 
rapidly with distance from the base. The bending 
moments and shearing forces induced by the movement 


can be estimated, in a similar manner to that pro 


for differential settlement, by a structural analy 
conjunction with the deformation characteristics of h 
soil based on the above relationships. Such an anal 
has been made for the lowest columns of building frai 
on square footings with ‘‘ hinged ’”’ and “‘ fixed ’’ feet t 
determine the horizontal thrust H and bending momen 
M at footing level after movement (Appendix 3). 

The results (Figs. ga and b) show that the thrust 
and moment M (expressed in terms of the customar 
values H. and Mo, respectively, for no footing mole 
ment) decrease rapidly as the relative stiffness K’r of th 
column (£’J/A1) to that of the soil (£’sB*) increases, an 
as the footing width (B/M) increases. The decrease 1 
bending moment is particularly marked because it als 
depends on the lateral movement as well as tilt of th 
footing; since K’; can vary in practice within wide limit 
(about 0 to Io or more), it will be seen that unless th 
footings are exceptionally small, the moment may b 
practically zero or even be reversed due to latera 
movement changing the eccentricity on the base. Th 
relative column stiffness at the head has generall 
comparatively little influence on the results but th 
beneficial effect of a tie between the feet is clearh 
shown (Figs. ga and b). Knowing H and M the cor 
responding stresses in the superstructure follow fron 
standard analysis. It follows that foundation move 
ment, especially horizontal and tilting, can govern th 
maximum H, M and V which a column can resist a 
least at footing level in the absence of soil or structura 
failure ; and such movements may therefore affect th) 
mode of failure and limit the collapse Ses of supa 
structures. 


To study the interaction between simple framet 
structures and the soil, especially in relation to hori 
zontal movements and tilting of the foundation, som 
loading tests were made on 4 in. high and 8 in. wid 
model portal frames with I in. square footings restin; 
on clay and sand. To cover the limiting conditions 
the footings were either pads on the surface or blocks a 
I in. depth and covered with sand-paper to ensure ful 
mobilisation of the shearing strength of the soil ; i 
some tests a stiff tie was provided at base level. ‘Th, 
portals were made of annealed mild steel (lower yiek 
stress = 16.2 t/in.? from tensile tests) of either } in 
square (stiff frame) or + in. wide by 4 in. deep (slende 
frame) section throughout. The soil was soft remouldec 
London clay (cohesion = 2.4 lb./in.?) or compact Han 
River sand (angle of internal friction = 45°). Contre 
tests were made on centrally loaded footings (averag 
results in Table 2) and simply supported beams, whicl 
gave a mean lower yield stress = 16.4 t/in.” and modulu 
of elasticity = 12,000 t/in.?. 

The frames were loaded with a central point load o1 
} in. width of the beam. The load was applied by : 
proving ring at a slow and fairly constant rate of de 
formation until structural collapse or failure of the soi 
occurred. The vertical movement of the beam .centri 
and ends (= footing settlement) and the horizonta 
movement of the column feet (= footing displacement 
were recorded by dial gauges ; the rotation of the footing: 
was observed by mirrors (Fig. toa). In some tests « 
vertical load was applied together with a horizontal loac 
on the beam and both were increased to failure, thi 
horizontal beam displacement being measured by ar 
additional gauge. Typical portals after failure by 
vertical load and by combined vertical and horizonta 
loads are illustrated in Figs. 10 b andc. The main tes’ 
results are summarised in Table 2, and typical relation 
ships between applied load and observed movement: 
are given in Figs, 11 and 12a and b for a stiff frame with 


slender frames with structural collapse 
ertical and combined loads. ~ ane 
eneral, the load-settlement relation of the footings 
nsibly independent of the stiffness of the portal 
presence of a tie and was therefore similar to the 
tionship of the corresponding single footing control 
In frames under combined vertical and horizontal ~ 
_the leeward footing settled more than the wind- 
footirig, roughly in proportion to their respective 
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of these loads and was accompanied by some spread of 


the feet unless they were tied. 


The rotation of the footings of the stiff frames without 
tie under vertical load or combined vertical and small 
horizontal loads was generally outwards (negative) at 
small loads and then inwards (positive) at greater loads 
due to lateral movement reversing the original footing 
bending moment ; the same condition held for the slender 
frames on the surface. When footing spread was 
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cal loads. The horizontal and tilting movement 
e footings of the stiff frame under a given load was 
han that of a similar flexible frame, but the differ- 
as not nearly as great as that of the flexural 
dities ; the movements of the stiff frame corresponded 
herefore to a much smaller horizontal thrust and 
ending moment at the footing compared with the 
ble frame. The horizontal footing movement of 
subjected to vertical load or combined vertical 
mall horizontal loads was outwards (positive) 
revented by a tie ; under greater horizontal 
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e footing movement occurred in the direction 


Fig. 9.—Effect of relative stiffness on horizontal thrust and bending moment at 
base of column on square footing 


considerably reduced as in the slender frames at depth, © 
or was prevented by a tie, the footings tilted outwards 
due to moment reduction. The footing rotation under 
combined vertical and larger horizontal loads followed 
the overturning moment induced by the horizontal load. 
The foundation movements in clay and sand were of 
the same type and decreased with greater footing depth 
as would be expected. These experimental results give 
some qualitative support for the above theoretical 
analysis, which can be checked quantitatively for the 
frames on clay, as illustrated in Fig. 12a. The move- 
ments, which were estimated from equations (38) to 
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(40) (Appendix 3) using an effective modulus of the clay 


from compression tests-as for immediate settlement 


(Section 2), are of the same order as those observed. 
As was to be expected, all the tests with stiff portals 
exhibited soil failure because the estimated collapse 


while at 36 Ib. structural collapse shod occur he 


-- 
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Fig. 10 (a).—Arrangement of loading test on model 
portal frame under combined vertical and horizontal 
loads 


load of the frame was 144 lb. compared with an estimated 
bearing capacity of the soil from ro to 70 lb., depending 
on the soil type and footing depth. The load at failure 
(Table 2) was practically the same as that of the cor- 


_ responding control footings since the inclination and 


eccentricity of the load on the soil (i.e., horizontal thrust 
and bending moment) were very small on account of the 
large relative stiffness of frame to soil. Accordingly, 
the provision of a tie did not affect the failing load. 

The slender portals failed generally by structural 
collapse. Two frames without ties on the surface, 
however, failed at a reduced bearing capacity of the 
soil because the small relative stifiness of the frame 
allowed a substantial inclination and eccentricity of the 
load on the soil to be developed. To induce a soil 


Fig. 10 (b).—Failure of slender portal frame without 
tie under vertical load on clay (structural collapse) 


failure at depth, one of the frames (No. 17) on sand was 
not annealed. Failure of the other portals subjected 
to vertical load or combined vertical and small horizontal 
loads began with a plastic hinge at the centre of the 
beam and was, with’ a few exceptions (see below), 
followed by plastic hinges at the beam-column joints, 
usually at the head of the columns on account of the 


Fig. 10 (c).—Failure of slender portal frame without 
tie under combined vertical and horizontal loads on 
clay (structural collapse) 
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(8) VERTICAL AND HORIZONTAL MOVEMENTS 


Fig. 11.—Typical results of loading tests on stiff portal 
i enes under vertical load on sand (soil failure) 


es horizontal load is less than one-half of the vertic: 
oad. 

The observed failing loads of slender portals und 
vertical load (Table 2) are close to the estimates an 


somewhat greater due to some strain hardening at th 


plastic hinges for all frames with tie and for the fram 
on deep footings without tie on clay. For the frame 
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without tie on the surface of clay and at depth in sand, 


however, the soil resistance to lateral and rotational 


foundation movement was insufficient to permit plastic 
hinges to develop at the beam-column joints and thus 
reduced the collapse load by up to about 40 per cent. 
Similarly, for all slender frames at depth in clay under 
combined vertical and horizontal loads, when failure 
began with a plastic hinge at the leeward beam-column 
joint and was sometimes followed by a hinge at the 
beam centre, no plastic hinges were developed at the 
windward joint nor at the column feet even when they 


were tied ; the corresponding collapse loads were there-. 
fore much less than estimated on the basis of no footing | 


movement. It may be noted that for the type of struc- 
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Fig. 12 (a).—Typical results of loading test on 
slender portal frame without tie under vertical 
load on clay (structural collapse) 


ture investigated the maximum theoretical reduction in 
the collapse load due to foundation movements is 
50 per cent., which is however unlikely to arise in 
practice. It is hoped that field observations are made 
on full-sized structures to determine the lateral and 
rotational movement of the foundation as well as the 
settlement and to study their effect on the behaviour 
of different types of superstructures. 


Conclusion 


Rational foundation design requires an assessment 
of the stability of the soil and the movement of the 
foundation and its effect on the behaviour of the super- 
structure. The ultimate bearing capacity of shallow 
and deep foundations under vertical load can be esti- 
mated from soil and foundation characteristics under 
most conditions in practice. Eccentricity and inclination 
of the load reduce the bearing capacity of the soil and 
may limit the maximum bending moment and shearing 
force which can be resisted by a column at base level. 


The settlement of foundations is more difficult to 
estimate although approximate relationships have been 
suggested for preliminary estimates of the total settle- 
ment of shallow foundations ; a more accurate prediction 
for shallow and deep foundations can only be made 
from a detailed site investigation. The differential 
settlement depends on the layout and rigidity of the 


whole structure in addition to the soil and foundation - 


characteristics. Approximate methods have been de- 


_ veloped to estimate the stiffness of structures and to 


relate it to the deformation characteristics of the soil. 
This analysis shows that the differential settlement 


ae “deererae rapidly as ihe relative stiffness of structure | 


_ horizontal thrust and bending moment at the columz 


soil increases, while correspondingly greater | bending 
moments and shearing forces are induced in the structur a 
The results obtained can be applied directly to t 
design of uniformly loaded rafts and centrally loadeg 
strip footings. 


Recent observations on the behaviour of brick wall 
and cladding to frames have been analysed to suggest 
approximate safe limits for the deformation and stresses 
from which the required factor of safety on the ultimate 
bearing capacity of foundations can be assessed. A 
study of the movements of a large cladded framed building 
on a raft on London clay illustrates the effect of strue 
tural stiffness on the settlement distribution. While the 
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Fig. 12 (b).—Typical results of loading test on slender | 
frame with tie under combined vertical and horizontal | 
loads on clay (structural collapse) 


estimated and observed total settlements compare 
reasonably well, the estimated stresses in the steelworl 
assuming bare and rigidly connected members wer 
considerably less than those observed on account of the 
cladding of the structure. 


Although settlement is generally the most importan) 
type of foundation movement, horizontal movemen 
and tilting of foundations has a considerable influenc: 
on the behaviour of walls, single-storey structures an¢ 
the lower parts of multi-storey buildings. An analysi: 
of this problem shows that as the relative stiffness of the 
lowest columns to the soil increases, the horizontal anc 
tilting movements increase, while the corresponding 


base decrease rapidly. Some support for this analysi 
has been obtained cone the results of leadingee tests or 


ficial effect of a tie between the feet. 
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Bs” Appendix 


IFFNESS OF MUETI-STOREY BUILDING FRAMES 


pen (bare or encased) Frame 


ng frame of length L with maximum (central) 
ential settlement Amax and central points of 
aflexure in the columns (Section 2) can be split into 
> bay component frames of beam length / and 
ze storey height h = (hi + hu)/2 with hinged ends 


tal frames on clay and sand, which also indicate 


To represent an interior bay of the main ~ 


Padi Nal Sa ls 
ene 165 


frame, the component frame has a beam stiffness K» 


and columns stiffnesses 1/2 and K,y/2. 

where Ky = Ip/l, Ki = ij and Ku = Iu/hu are the 
stiffnesses of the members of the main frame (or equiv- 
alent stiffnesses in a semi-rigid frame). , 

Then for a differential settlement 8 of the supports of 
the component frame, it can be shown that the bendin 
moment at the end of the beam is 


Ky == TS 5 
My = 0 By ( ) Seat Beals (20) 
A»n+hit+Ku lf 


where E’ = effective modulus of elasticity to allow for 
elastic and creep deformations. ; 

Consider a beam line of length Z and flexural rigidity 
E’Ty of the main frame subjected’ to opposite external 
bending moments M. (Fig. 13a). Then the central 
deflection ; 


UNIAN: =") DG ck Ninel pares) oot os Rees ema te (21) 


Kn = 4(Kby + Kp) 


(b) CLADDED FRAME WITH WALL PANEL 


KB 
(C) HORIZONTAL MOVEMENT AND TILTING OF FOOTING 


Fig. 13.—Component frames of interior bays of 
multi-storey building frames 


where Ao = downward deflection due to M, 


M.L? 
a ea AGE oo, alees amt OG pk wae Mee ace) 
~ tb 


and A» = upward deflection due to 2 Mn at every 


(internal and external) joint 
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Substituting eqs. (20) and (22) to (24) into (21) 


Amax = M.L2/8 E'I» 


$4 Se Kau ie 
I 4 ( — . . (25) 
Ky + Ki + Ku L? 


M.L? 
= -— BAe SONS dliel hn Sean Ol) 
SE'T'y 


where E'I’, = effective flexural rigidity of the beam 
line or storey. 
Hence from eqs. (25) and (26) 


RESET L2 
oa ) | «| (27) 
Rp MR oe RS le 


(b) Cladded Frame with Panels 


An interior bay of a framework transmitting only 
shearing stresses to solid infilling panels can be repre- 


Sg Lae ie & E 


sented by a component frame with average beam and 


column stiffnesses of K»/2 and K-/2, respectively, 
where K, = I,/h (Fig. 13b). For a differential settle- 
ment 3, the moment at end of the beam is M»/2, where 
' Mp» is given by eq. (20) ; further, the total bending 
moment from the shearing stresses on the panel of 
thickness 6, shear modulus G and Poisson’s ratio I/m is 


M, == G bh 3 
OE’ pI pd 
Se ee (28) 
(x + 1/m)h? 
where E’pJp) = flexural rigidity of panel 
== EB’ pbk? [i2. 
For a beam line with M, as before 
Amax = Lo —) An = Ap. . (29) 
where Ap = upward deflection due to M p ‘at every 
panel 
M,L? 
Se ew ws. (30) 
24 E'Ipl 


Substituting eqs. (28), (30) and the previous results 
into (29) and putting 1/m = 0, the total effective flexural 
rigidity of the storey is 


E' pI pL? 


ee iat en OP MR BOO ee aha ee i meen ea TS) 
2h? 


I'y + 


where the first term represents the effect of the frame- 
work (eq. 27) and the last term the effect of the panels. 


2. Bending Moments and Shearing Forces in 
Rigid Strip Footing 


(a) Uniformly Distributed Load ‘ 


The contact pressure px at a distance x from the ~ 


centre of a uniformly loaded (pressure = f) rigid strip 
footing of width B on an elastic solid is! 


, ‘ 2n a 
a {sin-!(2a/B) . 2a 2 
{ ~ib 16-3] 6 


Pees te n 
PB ; - 
at the centre. 


with a maximum Mimax = 
ZO. 2 


Further, the transverse shearing force at a is \ 


Bl2 ; 
Bony ; 
Vale [i.e —p (— — a) 
2 
a 


a sin-1 (2a/B) 
B ce 


with Vmax = 0.105 pB at a = 0.386B. a 


The longitudinal bending moments and shearing fore 
are Zero. | 


(b) Central Line Load 


For a footing as before but with a central line load 
per unit length 


eM ee 
px= from, eq. (¢ 
xB v(t — (2x/B)2) 3 . 


B/2 
or ah (x — a) dx 
as 


ee E v(t = (2a/B)4) + 
2 


MON, sin-oa]B) Y 
(222-3 


( 
PB 
with Mmax = at centre. 
- 2m 
B/? 
Similarly, Va = | px dx 
a 


sin Heal) 


Vmax = — at centre. 
2 2 


*he longitudinal bending moments and shearing forces 
re again zero. The transverse bending moments and 
hearing forces for uniformly distributed and line loads 
re shown in ae 5. 


Lateral Movement and Tilting of Footings of 
Building Frames 


) “ Fixed” Column Feet 


‘Let Fig. 13c represent an internal beam-column joint 
f the bottom storey of height / of a multi-storey frame 
vith the (actual or equivalent) stiffnesses of the members 
s shown and a horizontal thrust Ho, bending moment 
Z, and vertical load V, on a horizontal and fixed column 
ase. If now the ends remote from the joint of all 
members are fixed except the base, which is displaced 


jorizontally by 8 and rotated by 6 as indicated, it can 


ye shown by the slope-deflection method (taking clock- 
vise moments and rotations as positive) that the result- 
ng horizontal thrust H and bending moment M at the 
ase of the component frame (Fig. 13c) can be expressed 


Y 


ee 2E' Ki 
fp u.— {Prot senna 
; ; _ 3Ki/2 2K) J (37) 
nd M = M.—28'K, £64 (0438/) 1 
; (I — Ki/2 =K) 


. 
vhere DAG eames eR, KS 
a other Baral as before. 

e resulting vertical load V affects the settlement of 
he footing only and need not be considered now. 
For a square footing of width B on a soil with constant 
tive modulus E', it was indicated (Section 4) that 
eeoately 


H 
(38) 
E'.B 
3M 
gente (39) 
E'.B$ 
bstituting these relationships into eq. (37) 
achat aay } 
M+(M+B?H/h) 
Wy. (2 = 3h1/2=K) 
40) 


d M = M,— 6K’; { M+(M+B?H/h) \ 

e (1 — K,/2=K) 

here K’', = relative stiffness of column to soil 
E'l; 

E’,B%hy 


m which H and M can be determined in any given case. 
igid soil with E’, = «, from eq. (40) 
==) o.and MM = M » as in customary analysis. 
tween the column feet a flexible tie is provided 


es + al , i tS LS 
\ } 4 j Me a EP RAIS ae 
. a Vibes fs Eh aeab % WP ee ee eee he ee 
al meee eee OS Mone ee te i 
) FAIS aN coe at aime » 
hy Le ee 2 . pry he 
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extension of tie under force H t In tie for symmetrical 
loading and layout, is 


Ail 
28 = 
A; Ey 
2(H = HA) 
= ——_——— for footings from eq. (38). 
EB 
Eliminating Hi, 
H 
$= . wi ‘ b (41) 


2AEt 
E’.B (+ : ) 
BIE’; 


Substituting eqs. (39) and (41) into (37), the term 
B?H/hl in eq. (40) is now replaced by 


BAH 


: Fe : 
hy (+ ) 
BLE" 


B°H/In = 0. 


For an inextensible tie (Ei = 0), 


(b) ‘Hinged’? Column Feet 


If in the above frame (Fig. 13c) hinges are provided 
at the column feet (M. = 0) so that after horizontal 
displacement 8 the column base remains horizontal 
(14 = 0), it can be shown that the resulting horizontal . 
thrust 


3E'Ri 8 3hi 
H = He ( x= eee 
hi 42K’ 


where 2K’ = Kyi+Kor+3Ki/4+Ku 
and other symbols as before. 
Substituting eq. (38) into (43) 


Ho 
= 4) 


3K',B? 3K\ 
os ——(:- ) 
hr 42K} 


with symbols as before. 
For a tie between the feet as before, from eqs. (41) and 


(43) 


i ee ee 
3K';B? 3K 2ArEt 
I+ ( I— ) +> (+ ) 
h*; 42K’ BIE’. 
For a rigid soil or inextensible tie, H = Ho as in cus- 
tomary analysis. The horizontal thrusts and bending 


moments for “fixed’’ and “hinged”’ column feet are 
shown in Figs. ga and b. 


Discussion 


The irae Committee would be glad to consider 
the publication of correspondence in connection with the 
above paper. Communications on this subject intended — 
for publication should be received by September Ist, 1953. 
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Electricity Generating Stadens 


Discussion on Mr. B. A. E. Hiley’s Paper* 


Correction 


On page 11 of the January issue of ‘‘ The Structural 
Engineer,’ column 1, line 2, the figure of approximately 
1,000,000 kW. should be half a million. A consequential 
alteration is necessary in line 3. 


Mr. HiLey, in presenting the paper, showed many 
illustrations of the installations described, together with 
a coloured film showing the progress of the work at 
Uskmouth, which included aerial views of the station. 


The PRESIDENT, proposing a hearty vote of thanks to 
Mr. Hiley for his most interesting paper, said the meeting 
had appreciated the additional explanations he had 
given. The historical references were of great interest 
and added to the value of the paper. He felt that he 
would like to know much more about certain parts of 
the work, but he realised that that would have meant 
at least another paper, as Mr. Hiley had covered a 
wide field. 

In a comment on the illustrations of the Biehton 
Power Station (Fig. 2), the President said he did not 
know whether, at the time it was constructed, there 
was a shortage of wrought iron or steel, but there 
certainly did not appear to be much waste of material 
there. 


Major C. D. C. BratneE (Member), referred first to 
Mr. Hiley’s reference to ‘‘ sewage gas stations,’ and 
said that, as they might become increasingly important 
in the future, a word about them to augment his remarks 
might not be out of place. 

The term ‘“‘ sewage gas’ was hardly correct, and he 
suggested that ‘‘ sludge gas’’ was a better one. 


In regard to the author’s reference to “the late 
Mr. D. M. Watson, of the Birmingham Tame and Rea 
District Drainage Board,’’ Major Braine was glad to 
say that his friend Mr. David Watson was still active 
and very much alive. The reference was, of course, to 
his father, Mr. J. D. Watson, a Past-President of the 
Institution of Civil Engineers. The son, Mr. D. M. 
Watson, referred to in the paper, was now Vice-President 
of the Institution of Civil Engineers. 


The father and son were responsible for the West 
Middlesex Main Drainage Scheme, which included the 
biggest installation in Europe using sludge gas, and one 
of the biggest in the world. It used not far short of 
'14 million cubic feet of gas per day. As many would 

know, sludge gas contained about 70 per cent. methane 
and had a calorific value of about 650 B.Th.U. per cubic 
foot of gas. The loss to the community by not making 
use of that valuable by-product of sewage could be 
considerable. For instance, if the sludge from London 
to-day were to be digested and the gas collected, it would 
* produce gas equivalent to about 55,000 tons of coal per 
annum. It had long been incredible to him that in 
these days of fuel shortage that vast amount of sludge 


*Read before a meeting of the Institution of Structural Engineers 
on Thursday, January 22nd, 1953. Mr. E. Granter, B.Sc., 
M.I.C.E., M.I.Struct.E. (President) in the Chaty. Published in 
THR STRUCTURAL ENGINEER, Vol. XXXI, p. 9. (Jan., 1953.) 


was still being barged to sea. One heard of bread beir 
cast upon the waters, but. here we were casting fl 
equivalent of 55,000 tons of coal per annum into the se; 
To do that, 1,500-ton sludge ships made about 1, 
trips per annum, and the fuel used by them must als 
be taken into account. Manchester and Glasgow als 
barged most of their sludge to sea, and even at Birmin 
ham, where the process of sludge digestion was developec 
only partial use was made of the bulk of the slud, 
produced there, although plans were afoot to rect 
that situation. » 


An example of what was involved was to be seen i 
the design of a large regional drainage scheme, wit 
which Major Braine had been concerned, for a greg 
of towns in the Near East. Had it not been for | 
currency crisis, the construction of that scheme migh 
have been started already. The population which i 
was assumed would be connected eventually to th 
sewers of the Region had been taken for present purpose 
aS 1,100,000, and the gas from the sludge digestioi 
process would supply almost all the fuel for the powe 
required at the purification works and for pumping. Th 
ultimate installed horse-power in the power house woull 
be about 10,000 b.h.p. 


Major Braine showed three slides to give some ide: 
of the magnitude of the plant involved for a populatigy 
of just over one million. i 


a 


Slide 1 showed the general layout of the power house 
All the diesels were 680 b.h.p. dual fuel engines, son 
driving blowers, which together could compress a total © 
130,000,000 cubic feet of free air per day, and som) 
driving generators. Waste heat was used for sludg 
digestion. The pumps illustrated were capable of liftin, 
150 million gallons per day against a head of appro: 
mately 65 ft. The building was roughly 300 ft. lon 
and 70 ft. wide. The height of the ridge from operatin, 
floor level was 45 ft. The cooling water required fo 
the plant was obtained from the purified effluent dis 
charged from the purification works. 

4 


Slide 2 Eawed a longitudinal section through 
building. The caisson at one end housed the wet we! 
and pumps. It was about 133 ft. long and 4o ft. wi 
and its cutting edge was about 87 ft. below main floo 
level. The pump motors were located on the nae 
beneath the generators. 


The air for the blowers was drawn in through ice 
at one end, travelled along the length of the buildin; 
passed down into the wet well and the dry well and w 
then drawn up through a duct into an lectosta 
precipitator and thence along the main pipe gallery t 
the blower inlets. In that way it was hoped that som} 
of the ventilation problems that arose in a hot climat: 
would be solved satisfactorily. 


Slide 3 showed cross-sections through the building am 
through the caisson. The earth bank that surroundeé 
the building was provided in lieu of a blast wall. Pt 


As Mr. Hiley had said, sewage works were small powe 
producers, but» they were exceedingly complex ant 
yo! 


a 


emanded. from their designers an extraordinary variety 
f civil, mechanical and electrical experience. Although 
te buildings Major Braine had illustrated were dwarfs, 
then compared with the Uskmouth power station 
/escribed in the paper, the structural problems involved 
jere quite sufficient to satisfy the most avid student 
f the Institution. 

The electrical and mechanical side of such installations 
jas extremely complicated, by reason of the various 
luties called for. One question which had to be decided 
vas whether to adopt A.C. or D.C. In the two biggest 
juch stations with which he had been concerned—West 
Middlesex and the one in the Middle East—D.C. was 
/hosen. ; 
| The likelihood, he concluded, was that a number of 
nstallations of the type he had illustrated would be 
ialled for in this country before long. 


‘Mr. F. M. Bowen (Associate Member of Council), 
‘ongratulated Mr. Hiley on the paper, and thanked him 
uso for his concise and interesting introduction. It 
was a very good thing, he said, that on occasions a 
ustorical review of the subject under discussion should 
be given. In Mr. Hiley’s paper the development of 
dower stations was illustrated clearly, including the 
emendous impetus which had been given by Parson’s 
levelopments. 


The development of the structural side appeared 
generally to have kept pace, but Mr. Bowen admitted 
that by comparison with the very pleasing Hams Hall 
*B” power station interior the engine house of which 
was shown in Fig. 6, he was a little disappointed with 
that of the Uskmouth station. Apart from the appear- 
ance he had gathered the latter was all steel framed ; yet 
n the engine house, illustrated in Fig. 11, the columns 
uppeared to be cased. 


\ 
_ Mr. Bowen suggested it would be desirable, if prac- 
icable, to introduce in the written discussion, an 
Illustration of the crane girder expansion joint, for it 
was of considerable interest at the present time. 


In regard to the special piling, he asked whether the 
steel casing was driven ‘right down to practically the 
ull length of the shaft, or whether it was driven only 
(0 the top of the marl, the shaft being then driven the 
remainder of the way. This piling was of special 
nterest to him because his firm working quite inde- 
sendently in the same district on another large job, had 
aes.) ot ee 5 

urived at a similar solution under much the same 
sonditions and for certain additional reasons, at about 
he same time. 


_ Finally, in a reference to the delightful coloured 
Shotographs which Mr. Hiley had shown, he felt it 
.. be agreed, in fairness to those associated with the 
0b on site, that the general elevation conveyed a totally 
Mroneous impression of the nature of the average 
weather that was usually experienced in that part of 
he country. ' 


Mr. L. E. Kent (Hon. Secretary), added his tribute 
0 Mr. Hiley for an exceptionally interesting paper and 
or the very competent way in which he had put it over. 
_ Referring to the expansion joints, he said there were 
wo in an approximate length of goo ft., making about 
300 ft. per bay. He asked whether there was a complete 
reak made in the framework at those joints, and 
Whether the joint was taken right through the brick 
overing of the structure to the outside. 


In that connection he asked also whether, in the 
termediate lengths of 300 ft., only the one joint was 


td 
se 
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‘made in the brick casing. He was thinking of relative 


expansion between the steel framework and the brick 
casing of the station. 


The roof girders in the turbine house were designed 
to lift the transporter crane, and those in the boiler house 
were designed to lift the boiler drums. Mr. Kent could 
well appreciate that in the turbine house it was not 
possible, without going to a great deal of expense, to 
provide any sort of platform from which the crane could 
be erected, and consequently it would be economic to 
design the roof girders to lift the crane. But in the 
boiler house there was a structure on which the boilers 
were supported, and it would appear to be more economic 
to use that structure to help in erecting the drums. 


In a particular case he had been asked to design the 
roof girders over a boiler house, which were 120 ft. above 
the ground, to lift the drums. The drums were rather 
heavier than those at Uskmouth, and he had declined to 
design the roof girders as requested because he had felt 
that to do so would be uneconomical, inasmuch as they 
would have had to be designed for a load which they 
would carry for a very short time, which load was much 
greater than that which they would sustain for the 
remainder of their working lives. The method finally 
adopted was to erect the boiler staging to within about 
20 ft. of the roof ; a temporary staging was then erected 
through the roof girders and a further structure placed 
on top. The boiler drums were then lifted through the 
structure, with the consequence that the lattice girders 
over the boiler house were lighter than they would 
otherwise have been, 


Mr. Avi Josu1 (Graduate), paying his tribute to 
Mr. Hiley for an interesting paper, said it was a great 
pleasure to hear of generating stations not merely as 
structural masses, but as truly large engineering under- 
takings. 

From the various illustrations he had been impressed 
by the grandeur of the Uskmouth chimneys. The 
author had suggested the very great economy of ferro- 
concrete over brick chimneys, and Mr. Joshi asked 
whether the brick chimneys illustrated in the slide 
showing comparisons were designed on the basis of the 
neutral axis falling within the section. 


It was usual, he continued, to design a brick chimney 
so that under the worst wind conditions the entire 
section was under compression. The neutral axis in 
that case was outside the section. The limiting case 
for such a design would be when the compressive stress 
varied from zero to a safe maximum. The neutral axis 
was then tangential to the section. Any further increase 
in the bending stress would introduce tension. Assuming 
brickwork incapable of withstanding tension, the stress 
diagram would modify so as to produce an increase of 
compressive stress. 


He asked if it were possible, with a brick chimney 
designed on the latter basis, and where the thickness 


of the shaft was increased only when the safe maximum 


stress was attained, that it would compare favourably 
with reinforced concrete. 


In reinforced concrete chimneys the economical stress 
in the steel was often limited (about 5,000 to 12,000 
Ib./sq. in.). The use of a higher tensile stress shifted 
the neutral axis so that the area under compression 
was greatly reduced. Increases in steel stress due to 
temperature might not be very great in some power 
station chimneys, particularly where, they were lined-to 
full height and where the flue gases were of fairly low 
temperature. A low working stress in steel, on account 
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of limiting compression on concrete, did not appear to 


be a very satisfactory solution. In such cases it seemed 
possible that prestressed concrete might be used so 


that the full section would be available to resist com- | 


pressive stresses. The question of creep and stress 
relaxation, etc., at higher temperatures, however, should 


be considered. He had been pleased to hear Mr. Hiley 
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say that the Uskmouth chimney was in prestressed 
concrete. : 

At Uskmouth a 175-ton crane was used on gantry 
girders. That crane was required during the installation 
of the generators, but very seldom later. Mr. Joshi 
asked whether an economical solution would be to use a 
special lifting gear for those rare events. The lifting 
gear could be in the form of a portal crane running on 


_ rails at ground level, a light gantry crane being provided 


for ordinary work. Possibly a few hundred tons of 
steel would be required to support the conventional 
175-ton gantry crane on tall columns. 


IN_ GIRDER 


Lastly, he commented on Mr. Hiley’s remark th 
“‘ There can be very little that is new in the structu1 
design of a modern power station.’”’ He suggested tha 
in most structures the real economy in design lay, no 
just in the use of higher stresses, but also in a mor 
rational structural arrangement, the proper choice 6 
material and methods of construction. ; 
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SECTION 


175° CRANE RAIL EXPANSION JOINT 
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In conventional designs of power stations the ste 
work was used to support plant and cladding. Wh 
the latter was heavy, like brick partitions, the st 
framework needed to support it would be substanti 
He asked if it were possible that a covering shell wou 
provide adequate shelter. Such a form would n 
only save steel, but it would make the erection of 
structure independent of power station plant and wou 
also allow unrestricted space for future modificatio; 
The shell could be in the form of a catenary consisti 
of precast prestressed concrete units supported 
steel ribs. The cladding would support itself, wk 
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instruct, for it would not require heavy shuttering. 
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Mr. Hie s Reply 


an HILey, in his reply, first thanked the President 
ind the other gentlemen who had contributed to the 
liscussion, for their kindly references. 

Dealing with Major Braine’s questions, he apologised 
‘or having used the wrong initials when referring to the 
ate Mr. Watson. He was, of course, referring to the 
father, AVE fai sel) Watson, a Past-President of the 
[nstitution of Civil Engineers, whom he knew very 
well, and not his son Mr. D. M. Watson, the Vice- 
President of that Institution, who was in partnership 
with his father. 
~Complimenting Major Braine on the work at Tel Aviv, 
ve said that anyone who harnessed power from any 
iailable source was doing a good engineer’s job. To 
save—as Major Braine had intimated could be saved in 
London alone—gas from sludge equivalent to 55,000 tons 
% coal per annum, was a grand contribution and again 
smphasised what the author had tried to stress—that 
such by-products should not be neglected. A measure 
of the usefulness of what Major Braine had suggested 
was equivalent to 16 days running of a 360,000 kW 
generating station. 

: There were many matters, of course, which could not 
De coyered in detail in his paper, but in finding some 
thod of approach to the generation of electricity, he 
had mentioned various methods of power production 
which he considered sludge gas as one. No doubt the 
ject of power production would not be exhausted if a 
en Or sO papers were written on the subject. 
Mr. Bowen’s point about the crane girder expansion 
nt was appreciated and promised to reproduce a 
tail of the method employed at Uskmouth. 
Although a relatively small matter, it was a very 
Beortant one since the smooth running of the engine- 
foom gantry crane was dependent on a trouble-free 
unt. Stations with which Mr. Hiley had been pro- 
essionally connected varied in design and he appreciated 
le reference to Hams Hall “‘ B,” which was an entire 
frame clothed in brickwork. 
tr. Bowen’s reference to concrete casing to the 
e-room columns was more a matter of cleanliness 
n one of providing the bare structural requirements. 
would have been noted that the casing was carried up 
ym floor level to the underside of the crane rail only. 
ese compound steel stanchions, unless clothed as 
dicated, would have required painting and main- 
ning, so that taking the long view, the cumulative 
st of difficult painting operations might well have been 
ore than the initial clothing in concrete, to say nothing 
e improved appearance. 
Replying to Mr. Kent’s remarks concerning the 
ansion joints, he said that two such joints were made 
ding the main buildings into three sections. The 
ran transversely across the building and consisted 
2 in. gap which housed a tongued copper joint, the 
of which were fixed at either side. The copper was 
as shown in sketch. 
le radius of ‘“‘r’”’ was the same and the tongue ‘“t” 
long so as to withstand the constant movement 
t fatiguing the copper. The actual movement 
mething under 1 in., but to house the joint, 2 in. 
sidered the minimum practicable. 
the designed strength of the turbine house roof 
only one of these—that over the loading bay 


of a monolithic shell, would also be simpler to 
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was designed to take the load to the gantry crane which 
had to be lifted into position—the remainder were 
designed for roof loads only. 

Regarding the boiler house roof girders at Uskmouth, 
where unit boilers were not employed, it was considered 


B20) 


Typical Section—Copper Strip at Expansion Joint 
Fig. 2 


an economy to provide some assistance in, handling 
certain parts of the boiler plant. In schemes where 
unit boilers are used and where the boilers are hung from 
the building frame, such assistance is provided and 
forms a real economy in steelwork. ; 


Replying to Mr. Joshi, Mr. Hiley writes :— 

As summarised by Mr. Avi Joshi, it was usual to 
design a brick chimney so that under the worst wind » 
conditions the entire section of chimney was under 
compression. A brick chimney was a gravity structure, 
stabilised by its own weight and was, therefore, a priori, 
an expensive form of construction. The cost of a brick 
chimney could be slightly reduced by allowing the 
neutral axis to fall within the section and neglecting 
that part of the section situated in the tension zone. 

Mr. Avi Joshi had mentioned prestressed concrete as a 
possible material for use in chimneys. He (Mr. Hiley) 
was investigating this problem for future application. 
When using prestressing methods the compressive stress 
on the concrete would have to be much higher than those 
usually adopted in reinforced concrete and one was 
naturally led to examine the possibility of building a 
chimney by means of precast units. 

The slide making comparisons of economy in chimney 
design was not included in the paper as printed and it 
was thought desirable to include it in the discussion. 

The Uskmouth chimneys were not prestressed but 
ordinary in-situ reinforced concrete lined as illustrated. 

Regarding the point of economy in roof trusses, 
Mr. Hiley referred to his reply to a previous 
speaker. In the engine-room only one truss was 
strengthened to assist the raising of the gantry crane and 
that in the loading bay. 

In respect of Mr. Joshi’s last comment regarding 


‘conventional and advanced design of the building 


structure—he no doubt had in mind a suggestion put 
forward at the Joint Engineering Conference in 1951, 
where a parabolic or inverted catenary scheme was put 
forward for discussion. 

Such departures from the traditional methods had 
to be very carefully examined indeed. 

Where, in structures now being designed the boilers 


‘are suspended, the boiler house building columns on the 
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CHADDERTON POWER DRAKELOW POWER 


STATION STATION 

240,000 KVA 240,000 KvA 
BRICKWORK CHIMNEYS BRICKWORK CHIMNEYS 
FLeignit wr ae 365 ft. Height nee LSOOAT. 
Dias iat topie. 9 L925 ft: Dia. at top 18.5 ft. 


Weight-shaft .. 7,000 tons 


Weight-shaft 3,400 tons 
Stool, etc, 3,300 tons 


TOTAL 6,700 tons 


boiler frame are combined and this should make for 
economy. 

Regarding the other large building unit that makes the 
whole structure—the engine-room and pump house— 
here we have gantries, the larger of which lifts up to 
180 tons. Remembering this, the catenary suggestion 
does not seem to fit in. 

If, as is suggested, the catenary idea is intended to 
save time of construction, one must measure this 
carefully. Progress on one part of a structure fully 
planted is more important than completing the building 
structure and then having to wait for plant foundations. 
One is inclined to measure progress by buildings only 
whereas real progress is in so planning, designing 


and carrying out the work that plant can be installed ~ 


USKMOUTH _ POWER 


DRAKELOW _ POWER 


STATION = STATION 
240,000 KVA 360,000 KvA a 
FERRO-CONCRETE CHIMNEYS FERRO-CONCRETE CHIMNEYS 
Height.7 360 ft. Height ue 297 ft. 
Dia. at top 18.5 ft. Dia. at top ott. 
Weight-shaft 1,950 tons Weight-shaft 1,900 tons 
Stool, etc. 3,000 tons Stool, etc. 2,900 tons 


TOTAL 4,950 tons - TOTAL 4,800 tons 


progressively, the builder following a sequence of wor 
whereby at all stages of building the plant foundatic 
is left behind for occupation by the plant contractors. 


Such a sequence is taking place at Drakelow Powe 
Station, where in 24 years full occupation to the plar 
contractor has been given to proceed uninterrupted! 
with his installation. 


Where a change in design is possible, is in the structur 
above the crane rails in the engine house and small 
units of work. 


The PRESIDENT, at the conclusion of the discussio; 
expressed appreciation to Mr. Hiley for the discussi 
which his paper had provoked. ; 


. ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
tructural Engineers was held at 11, Upper Belgrave 
treet, London, S.W.1, on Thursday, April 23rd, 1953, 
ft 5 p.m., Mr. E. Granter, Bise.(Eng.), MACE. 

fl. Pect. E. (President), in the Chair. 

The following members were elected in accordance 
vith the Bye-Laws. Will members kindly note that 
he elections as tabulated below-should be referred to 
vhen consulting the Year Book for evidence of member- 
ae 


f _ STUDENTS 

3UTLER, Alyson Edward, of Harrow, Middlesex. 
JARNAN, Lewis Rippon, of Consett, Co. Durham. 
JOOKE, Brian Herbert, of London. 

2WALINO, Miroslaw, of London. 

Dopp, James Michael, of Wirral, Cheshire. 
YSviva, Eunan Declan, of Bombay, India. 
2GWuATU, Gordon Chukwuka, of London. 

FEAKES, Gerald William Ernest, of Reading, Berks. 
JarL, Edward Tuffnell, of Walsall, Staffs. 
SJAWKES, John Murray, of Loughton, Essex. 
dinpie, Anthony, of Preston, Lancs. 

JOHNSON, Brian, of Gateshead, Co. Durham. 

KAY, .[erence, of Sheffield. 

LEVICK, Sidney Isaac, of Cape Town, South Africa. 
STAPLES, Graham George, of Nuneaton, Warwickshire. 
[HISTLETHWAITE, Gerard, of Ormskirk, Lancs. 

r 


a 


ae GRADUATES 


M, Aftab, of London. 
ALEXANDER, George, M.A.(Cantab.), 
ads 

ATES, Peter John, of London. 

¢ATT, Harry Nigel, B.Eng.(Civil) Liverpool, of Rising 
Bridge, Lancs. 

BRIsTOW, Ronald George, B.Sc.(Eng.) London, of 
Bexley, Kent. 

PELIN, Dennis Edwin, of London. 

N, Reginald, of Winsford, Cheshire. 

BER, Brian, B.Sc.(Eng.) London, of Landywood, 


A.M.LC.E. cot 


; Pie ocendale Lancs. 

son, Edward John, of Sidcup, Kent. 

NGMAN, Donald . James, B.Sc.(Eng.) London, of 
Beckenham, Kent. 

RGAN, David Henry, of Newport, Mon. 

REL, Indubhai Varadhbhai, B.E. Poona, of Derby. 
ns, Noel Edward, M.Sc. Natal, of London. 

RINGER, Robert George Alexander, A.M.I.Mun.E., of 
‘Sittingbourne, Kent. 


MEMBERS 
BRENSKY, Oleg Alexander, B.Sc.(Eng.) London, 
M.LC.E., of London. 


CKINTOSH, Coleridge Stewart, B.Sc.(Civil) Rand, 
& M.LC.E., of Pretoria, South Africa. 


TRANSFERS 
Students to Graduates 
K, Roy Cecil, of Norwich, Norfolk. 
ER, Joseph Martin, of London. 

IN YIN Keune, D.I.C., of London. 
Vernon Henry, of Ilford, Essex. 
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Prstiantion Notices and Proceedings 


Typrowicz, Tadeusz Wladyslaw, of London. 
WEAVER, Charles Louis Harry, of London. 


‘Graduates to Associate Members 

Brunpritt,. Alan, of London. 

GROOME, Leonard William Edward, of London. 

Loacu, Douglas Clifford, of Littleover, Derby. 

PEARCE, David John, B.Sc.(Tech.) Manchester, of 

Manchester. 
SPEED, Cecil Harry, of Derby. 
TWELVETREES, Walter Sydney, of Murton, near Swansea. 


RE-ADMISSION 
Assoctate-M ember 
Davies, Louis Edward, of Southport, Lancs. 


OBITUARY 
The Council regret to announce the death of JAMES 
FREDERICK WARD RussELL (Member), ARTHUR REES 
FAIRBAIRN, GEORGE DovucGLtAs HAMILTON, STUART 
Kitspy Mospss (Retired Members), and Lronarp 
Wi1tAM Exziotr (Associate-Member). 


RESIGNATIONS 


Notification was given that the Council had accepted 
with regret the resignations of COLERIDGE STEWART 
MACKINTOSH (Associate). 


JUNE MEETING 

An Ordinary General Meeting of the Institution, for 
the election of members only, will be held at 11, Upper 
Belgrave Street, London, S.W.1, on Thursday, June 
25th, 1953, at 5 p.m. 

EXAMINATIONS—JANUARY, 1953 

The Examinations were held in January, 1953, at the 
usual centres in Great Britain, and at the following 
overseas centres : Beirut, Bloemfontein, Bombay, Bula- 
wayo, Calcutta, Cape Town, Christchurch (N.Z.), 
Colombo, Delhi, Durban, Hong Kong, Jerusalem, 
Johannesburg, Kaduna, Karachi, Kelantan, Kuala 
Lumpur, Lahore, Lucknow, Madras, Miri (Sarawak), 
Montreal, Mount Isa (Australia), Nairobi, Salisbury 
(S. Rhodesia), Singapore, Tamale, Tel Aviv, Toronto, 
Wad. Medani, Wellington (N.Z.). 

Seventy-eight candidates took the Graduateship 
Examination, 60 at Home Centres and 18 overseas. 

Three hundred and twenty-seven candidates took the 
Associate-Membership Examination, 248 at Home 
Centres and 79 overseas. 

The total number of entries for both examinations was 
thus 405. Of these, 60 passed the Graduateship Exam-_ 
ination, and 111 passed the Associate-Membership 
Examination. 

The names of the successful candidates are :— 


GRADUATESHIP EXAMINATION 


ABRAHAMS, Frank Dudley. Buxton, Leslie Gordon. 
AGER, John Stanley. Cawoop, Peter Ireland. 
ALLANSON, Brian Melvyn. CHAN WENG CHIU. 
AstitL, Alan Walter. CLARK, Peter Jerome. 
BAKALA, Eugeniusz. CORNISH, Richard Leslie. 
Beeson, Alan Spencer. CoXHEAD, Peter Leonard. 
BenGc WEE GIAP. CracG, Wilfred Shipham. 
BEZUIDENHOUT, Willem DABROWSKEI, Zbigniew. 
Jacobus. DaineEs, Alfred Lionel. 
Botinc, Henk. Dickson, James. 
Brown, Geoffrey Hewitt. <Doorty, Dermot Kieran, 
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GRADUATESHIP EXAMINATION—continued 


ELDRIDGE, Frederick 
William. 
FERSZTAND, Jakob. 
Foiry, Eric John. 
GARRITY, Albert Francis. 
GOODIER, Roger Ewart. 
GoyaL, Ram Sarup. 
Homer, Albert Leslie. 
JOSHIRAO, Chintaman 
Moreshwar. 


 KapxKa, Jerzy. 


Kou BENG SWEE. 
Komornickli, Wladyslaw 
Stanislaw. 
KWIECINSKI, Franciszek. 
Kycia, Serafin. 
LANGHAM, Bernard Trevor 
Lero1, Jules Anne. 
MACGREGOR, David. 
McKevitt, Vincent James 
Morcan, Albert Edward. 
NARAYANA, K. Yogna. 


OxtveR, Carl Richard. 


PurRVER, Gordon Douglas. 


RADCLIFFE, George 
Frederick. 


RAMSDEN, Jack Kenneth. 
RAWNSLEY, Peter Michael: 


READER, David. 
REFFITT, Peter. 
SAGEER, Mohd Mian. 


SHERLOCK, William Albert. 


SMITH, Ronald Walter. 


STANLEY, Brian William. 


STONE, Geoffrey Jones. 


SUTCLIFFE, Roy Holtham. 


TayLor, Phillip Austin. 
ToNGE, Brian Yardley. 
TREICHEL, Jan. 
TREZISE, Bernard. 
VIELROSE, Witold Leon 
Ryszard. 

WiItson, Russell. 
WRIGHT, Frank. 


ASSOCIATE-MEMBERSHIP EXAMINATION 


AAGAARD, William 
Valdemar. 

ALTERMAN, Israel. 

Arp, Donald Leonard. 

ARMSTRONG, George 
Herbert. 

Asz, Leon. 

ATKINS, George Frederick. 

AUSDEN, Alistair Charles. 

Austin, Michael. 

BaGuLey, Maurice Grant. 

Batrp, James. 

BakER, Alexander John. 

Baker, Gordon Arthur 
Henry. 

BALLARD, Eric Hugh. 

BANFIELD, Arthur Reading 

BELCHER, Charles Duncan. 

Brrcu, Norman. 

BoxALL, Charles Alfred. 

Bray, William Albert. 

Britt, Herbert. 

BRooKkE, Jack. 

BurGE, Stuart. 

Burr, Robert William. 

Cawoop, Peter Ireland. 

CHANDRANGSU, Sirilakn. 

CHENHALL, Raymond 
Leslie. 

CLARK, Tony Allen. 

Ciucston, Douglas Walker 

Coins, Peter Courtney. 

CoLguHouN, William 
Alexander Smart. 

DANAHER, Martin Denis. 

Davies, Brian Clifford. 

DERRINGTON, John 
Anthony. 

DEsHMUKH, Madhukar 
Dattatray. 

DHAVALIKAR, Dattatray 
Ganesh. 

DIVERALL, William. 

Dunn, Allan George. 

Dutton, Charles Norman. 

Easton, Edgar. 

Evans, George Harold. 


FIELD, James. 


GAMSE, Joel David Harold. 


GuazeE, Albert Gordon. 
Grapy, Jack. 
Gray, Robert. 
GREEN, Edward Ellis. 


GuUDGEON, Donald Keith. 


HAMER, Clifford. 


HARVEY, Peter Lawrence. 


Haynes, Alan. 

HEPPLEWHITE, Eric 
Anthony. 

Hiceinson, Leonard. 

HopDGKINSON, Arthur. 

HoRRIDGE, James 
Frederick. 

Isaacs, Basil. 

Jaap, John Hunter. 

Jack, Alexander. 


- JENKINSON, Anthony 


Richard. 

KANVINDE, Sitakant 
Shantaram. 

Kerr, Gordon Cecil. 

KHARKAR, Meghashyam 
Shantaram. 

Lames, Allan Roy. 


Lewis, Lawrence Henry. 
LEwkowicz, Janusz Jozef. 


LINSDALL, Kenneth 
Charles. 

Livesey, Keith Haydn. 

MAUNDER, Augustine 
Hamilton. 

MicHau, Peter St. Cyr. 

Mopiin, Sydney. 

Nanpt, Subir. 

Newton, Christopher 
John Broughton. 

Newton, David Wilson. 

NicHOLSON, Thomas 
Hedley. 

OaTEs, Ronald. 

OLIVER, Carl Richard. 


O’MeEaArRA, Brian Patrick. 


ParisH, Jack Leonard 
James. 


ASSOCIATE- eon EXAM ATION—continued * 


Paxton, Ian Hamilton. 

PECKHAM, Donald. 

PoGson, ‘Albert Leonard. 

Pomeroy, Albert 
Frederick, 

Poot, James Fraser. 


‘SZCZERBANIEWICZ- 


Stock, David Athol. 
Stocks, Trevor. 
Stott, Harold Welch, 4 
SUBBARAO, Tippur . 
Narayanarao. 


Price, Selwyn Lionel. 
Rose, Gordon Michael. 
ROSENAK, Sidney. SZPILEWICZ, - Jan. 
ROTHWELL, Leslie Herbert Taytor, James Edwat 
Russon, Robert George. (Jnr.). 
ScHou, Jorgen Arthur TEMPLE, Allan. 
Kjeld. THORNTON, Paul Rossly; 
SHAIKH, Mohammad THRELFALL, Robert 7 
‘Abdul Wahab. Malcolm. a 
SHRoTRI, Ganesh Shankar. TRANFIELD, William. 
SINGH, Jattan. Tsao HsIEn- Hwa. | 
SLOWIKOWSKI, Leszek. WESTALL, John Butte 
SPOONER, Leslie Allan, worth. 
SRINIVASAN, Kilnagar Wituiams, Harry. 
Vedachala Iyer. Witman, David Richall 
STEPHEN, Lawrence Ian. WooLnoucH, Edwin 
STEWART, James Campbell Arthur. y 


PRIZE LIST—JANUARY 1953, EXAMINATION 


The Council has awarded the following prizes : 
connection with the Examinations held in Januar 
1953 -— | 

ANDREWS Prize. (For the candidate who obtains th 
highest aggregate of marks in the Associate- Membershi 
Examination, passing in all subjects). | 

M.. G. Baguley, of Bexleyheath. 

HusBAND Prize. (For the candidate who takes tl 
whole of the Associate-Membership Examination, passé 
in all subjects, and obtains the highest marks in th 
paper “‘ Structural Engineering Design and Drawing ” 

M. G. Baguley, of Bexleyheath: 

WALLACE PREMIUM (SENIOR). (For the candidate vil 
takes the whole of the Associate-Membership Examini 
tion, passes in all subjects, and obtains the highe; 
marks in the paper ‘‘ Theory of Structures (Advanced) 

S. Nandi, of Londoh. 

WALLACE PREMIUM (JUNIOR). (For the most successfi 
candidate in the Graduateship Examination, passing i 
all subjects). 

F. D. Abrahams, of Edgbaston. 


-EXAMINATIONS—JULY 1953 


The Examinations of the Institution will next be he! 
at centres in the. United Kingdom and overseas ¢ 
July 14th and 15th (Graduateship), and on July 161 
and 17th (Associate-Membership). 


GOLD MEDAL OF THE INSTITUTION 


The Institution Gold Medal has been awarded i 
Professor J. F. Baker, O.B.E., for his services 1 
structural engineering science over a long period i 
connection with the Steel Structures Research Committe 
of the Department of Scientific and Industrial Researe 
and his continued interest and research into problems + 
structural design as envisaged by the Plastic Theory. 


CERTIFICATE OF COMMENDATION 
A Certificate of Commendation has been awarded 1 
Monsieur I. Leviant for a paper entitled ‘ Introductic 
to the Vacuum Concrete Processes.”’ 


SILVER SESSIONAL MEDAL a 


The Silver Medal for the best paper read before 
Institution during the Session 1951-52 has been awarde 
to Mr. F. R. Bullen for a paper entitled “ Unusu: 
Design for a large Constructional Shop.” 


STEPHENS, Stanisial ‘ 
Jozef Michal. . 


| 


WARD OF MERIT AND SCHOLARSHIP FUND 
The Council of the Institution has initiated an Award 
Merit and Scholarship Fund which it is hoped will 
cumulate funds from which monetary awards may be 
ade to the winners of medals, scholarships or prizes, or 
r other services rendered to the Institution or the 
‘ofession of structural engineering. The initiation of 
jie Fund has been made possible through the generosity 
} Mr. L. Scott White, O.B.E., a Past-President of the 
istitution. 
The first award, of Ten Guineas, has been made to 
r. A. Bolton, for a paper on “‘ A New Approach to the 
lastic Analysis of Two Dimensional Rigid Frames.”’ 


{ 
| SPECIAL COMMITTEE ON AWARDS 
| The Council has constituted a Special Committee on 
|wards with the following Terms of Reference :— 
| “To give consideration annually to the question of 
pecial awards, namely :— 
| I. INSTITUTION GOLD MeEpDaL. Available for award 
ly the Council to a member who has rendered to the 
iastitution or to Structural Engineering services of 
xceptional and outstanding merit. 
2. INSTITUTION CERTIFICATE OF COMMENDATION. 
wwailable for award by the Council to a non-member 
tho has rendered to the Institution or to Structural 
mgineering services of outstanding merit. 
3. GRANTS FROM THE AWARD OF MERIT AND SCHOLAR- 
wip Funp. Available for award annually to the 
vimners of medals, scholarships or prizes, or for any 
ither reason. 
The Special Committee is constituted as follows :— 
the President (ex-officio) Mr. E. Granter. 
yhairman of the Finance 
and General Purposes 
Committee 
sthairman of the Member- 
ship Committee 
shairman of the Literature 
Committee Mr. J. Singleton-Green. 
thairman of the Science 
and Research Committee Mr. W. E. Thorowgood. 
yhairman of the Education 
and Examinations Com- 


Lt.-Col. R. F. Galbraith. 


Dr. S. B. Hamilton. 


‘mittee Misizei. Kent. 
hairman of the Legisla- 

tion Committee Mr. J. Guthrie Brown. 
chairman of the Practice 

Committee Mr. L. Scott White. 


] REPRESENTATION 

The Council has made the following nominations of 

members to represent the Institution :— 

¢ ENGINEERING CODES OF PRACTICE 
COMMITTEE 

& Mr. Stanley Vaughan (Vice-President). 
RITISH STANDARDS INSTITUTION BuILpING DIvISsIONAL 
Beouncr. 

4 Mr. G. S. McDonald (Vice-President). 

RITISH STANDARDS INSTITUTION COMMITTEE—Recom- 

mended Dimensions of Reinforced Concrete Structural 

Members 

_ Dr. K. Hajnal-Konyi (Member). 

; Mr. Donovan H. Lee (Member of Council). 


JOINT 


DRURY MEDAL AWARD 

The fourth competition for the above award will take 
ace in 1953. The subject is the design of the structure 
anew factory building. The material of construction 
s entirely at the choice of the competitor. The compe- 
tion has been designed to encourage ingenuity of 
ructural arrangement. Economy i in the use of steel is 
a feature of this year’s competition. 
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Graduates and Students of the Institution who wish 
to compete are invited to apply for full details to the 
Secretary ; envelopes to be marked in the top left-hand 
corner, “ Drury Medal Award.” 

The closing date for the competition is October Ist, 1953. 

The general conditions of the competition are as 
follows :— 

1. The competition shall be for Graduates and 
Students of the Institution of not more than 25 years 
of age. 

2. The subject of the competition shall be a design of 
a structural character, that is to say primarily structural 
design, not planning. 

3. The subject of design and conditions shall be 
prepared and issued biennially by a group of five mem- 
bers appointed by the Council. 

4. The Literature Committee shall appoint a Jury of 
not less than five to examine the works submitted and 
to interview candidates, if found necessary. 

5. In order to show that the work submitted is solely 
the work of the competitor, the documents submitted 
shall be countersigned by a corporate member of the 
Institution or, failing this, shall be accompanied by a 
declaration on a prescribed form signed by the candidate - 
in the presence of a Justice of the Peace or a Commis- 
sioner for Oaths. 


MACLACHLAN LECTURE COMPETITION 

The closing date for the receipt of entries for the 
MacLachlan Lecture Competition is Wednesday, March 
31st, 1954. Particulars of the competition are as follows : 

1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the MacLachlan 
Lecture, and to be held annually. 

2. The subject of the Lecture may be on any aspect of 
Structural Engineering so long as in every second year 
the subject shall be confined to steel structures. 

3. Entrance into the competition for the Lecture 
shall be confined to Associate Members of the Institution, 
who are under the age of 32 years. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the Council 
of the Institution, and all such papers (including the 
prize-winning Lecture) shall be available for publication 
in the Journal of the Institution at the discretion of the 
Council. 

5. No paper submitted shall have been published or 
read elsewhere. 

6. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of {17 1os. od. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit he will receive a consolation 
award of £5. 

8. In the event of there being no winner of the 
competition in any one or more years, whether because 
no lecture submitted is considered to be of sufficient 
merit to warrant award, or for any other reason, the 
Institution shall transfer the above sums to the Research 
Fund of the Institution. 


PARTICULARS OF THE COMPETITION FOR 1954. 

1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1954. 

2. The subject of the Lecture shall be on any aspect 
of structural engineering. 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
possible in the text; if they are essential they should be 
embodied in appendices. Photographs, drawings, graphs, 
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etc., which would appear as illustrations to the lecture in 
published form, should accompany the script. If 
additional illustrations would be shown as slides, a list 
of these should be included. 

4. Six copies of each Lecture should be submitted and 
should be addressed to the Secretary of the Institution. 

5. The closing date for the receipt of entries by the 
Institution is Wednesday, March 31st, 1954. 

RESEARCH AWARDS 

The Council have instituted a Research Prize Fund, 
from which awards may be made annually to the author 
or joint authors of papers describing original research 
which they have carried out. Research awards may be 
made for papers read at Headquarters or in the Branches 
and published in the Journal, or for papers published in 
the Journal only without being read at an open meeting. 

The assessment for such awards will be made annually, 
but awards will be made only to the contributors of such 
papers as reach a standard judged by the Literature 
Committee to be satisfactory. 

Work submitted under this scheme must be original 
and may include any of the following :— 

(a) investigations of an experimental or analytical 
character ; 

(b) studies of historical or statistical records ; 

(c) improvements in principles or methods of con- 
struction ; 

(d) research into methods of structural engineering 
and building, the nature and use of plant and the 
organisation of engineering work ; 

(e) any related or combined studies which are deemed 
by the Literature Committee to be of a research character. 

In cases where the research work described in the 
paper was not the work of one individual, the names of 
all the collaborators should be given in the paper. 

Awards may take any or all of the following forms :— 
A research medal ; a diploma ; a money prize. 

Application for consideration for a research award 
must be made to the Secretary of the Institution, and in 
preparing papers for reproduction in the Journal, authors 
must comply with the conditions laid down for all such 
contributions. Particulars of these conditions may be 
obtained from the Secretary. 

In judging research papers, the following factors will 
be considered :— 

(a) the nature of the subject and its conclusions ; 

(b) the value of the paper in advancing the science 
and art of structural engineering ; 

(c) the standard of preparation and orderly arrange- 
ment of the subject-matter. 

Research papers will also be eligible for adjudication 
for the Institution Medals if they comply with the 
Regulations governing those awards. 

The closing date for the receipt of applications in 
respect of papers published in the Journal between 
October, 1952, and September, 1953, is October Ist, 1953. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 

A visit has been arranged to the works of Murex 
Welding Processes, Ltd., at Waltham Cross, Herts., on 
Saturday, July 18th, at 2.30 p.m. A coach will leave 
11, Upper Belgrave Street, S.W.1, at 1.45 p.m., returning 
to London at approximately 6 p.m. The fare will be 
6s. 6d., and as seats are limited, members of the Section 
who wish to attend are requested to write to the Hon. 
Secretary as soon as possible, enclosing this amount. 

Hon. Secretary : J. ¥. S. Pryke, B.A.Hons., Bushcroft, 
Slipe Lane, Wormley, Herts. 


CRICKET MATCH 


The annual cricket match between an Institution of 
Structural Engineers XI and The Blue Circle Club will be 


A.M.1.Struct.E., 


The Structural Engine 


played on Saturday, July 11th, 1953, starting at 11.3¢ 
a.m. 

This will be the sixth game in the series, the Blu 
Circle Club having won four of the previous games ane 
the Institution one. All the matches have been playe¢ 
at Snaresbrook, but it is probable that the 1953 match 
will take place on the Blue Circle Club’s new ground at 
Bromley, Kent. 

Cricketers in any grade of membership of the Institue 
tion who would like to Cae in this game should write to 


A wicket- keeper and one or two reliable batsmen all 
particularly needed. 


other members of the Institution who wish to be present. 
Any visitors who wish to accept the Club’s invitation 
should send their names to Mr. Reid not later the n 
June 30th. ; 
BRANCH NOTICES 

LANCASHIRE AND CHESHIRE BRANCH 

Hon. Secretary: A. S. Sinclair, A.M.1.Struct. Em 
17, The Circuit, Cheadle Hulme, Cheshire. 


MIDLAND COUNTIES BRANCH 

Hon. Secretary: L. A. Firminger, A.M.I.Struct.Hm 

656, Chester Road, Erdington, Birmingham, 23. 

MIDLAND COUNTIES BRANCH—GRADUATES’ AND 

STUDENTS’ SECTION ; 

Hon. Secretary : ¥. G. Fletcher, 60, Brean Avenuey 
South Yardley, Birmingham, 26. 

NORTHERN COUNTIES BRANCH 


Hon. Secretary: O. Lithgow, A.M.1.Struct.E., 4 
Stoneleigh Avenue, Acklam, Middlesbrough. 
| 


_ NORTHERN IRELAND BRANCH 
_ Hon. Secretary : .S. G. Duckworth, M.1.Struct.E 
“* Lisleen,”’ 13, Finaghy Road North, Belfast. 
SOUTH-WESTERN COUNTIES BRANCH 
Hon. Secretary: FE, W. Howells, M.1.Struct.2m 
c/o Messrs. T. L. Harding & Sons, Ltd., 10-12, Market! 
Street, Torquay, Devon. | 


SCOTTISH BRANCH 


Hon. Secretary : G. Drysdale, A.M.I.Struct.E., ‘“Niaroo,’ 
33, Union Street, Motherwell, Lanarkshire. 


WALES AND MONMOUTHSHIRE BRANCH i 
Hon. Secretary: G.R. Brueton, A.M.1.Cis@ 
A.M.1I.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. 


WESTERN COUNTIES BRANCH 


Hon. Secretary: E. Hughes, A.M.1.Struct.E., 23, 
Southdown Road, Westbury-on-Trym, Bristol, 9. 


YORKSHIRE BRANCH 


Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17; 
The Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 
Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C. E, j 
A.M. LStruct.2 > POBox 3300, Johannesburg. Durin; 
week- days Mr. Tait can be contacted in the City En- 
gineer’s Department, Town Hall, Johannesburg 
“Phone; 24-111 Ext. 257. 
Natal Section, Hon. Secretary: E. G. Bennett, 
c/o Reinforcing Steel Co., Ltd., P.O. 
Box 49, Merebank, Durban. 
Cape Section Hon. Secretary : R. Stubbs, M.1.Struct.E., 
P.O. Box 1692, Cape Town. ; 


For the computation of stresses in box-shaped tanks, 
éthods of different kinds exist. The so-called rigid 
ethods take into account as many factors as possible, 
s arriving at fairly correct results, but they involve 
orious mathematics. On the other hand, the usual 
roximate methods give rise to simple formulas but, 
jing to the simplifications necessarily assumed in such 
ethods, they cannot claim to take full account of the 
astic behaviour of the structure. In the following 
hod a middle course is adopted. 

Since box-shaped reservoirs in reinforced concrete 
nerally form a square in their horizontal plan, we 
Il deal only with this case. Then, due to symmetry, 
e walls must deform without rotation of their vertical 
ges, i.e., they act as fully encastré ; the same holds 
ourse if the ground-plan forms a regular polygon. 

If the reservoir is filled to the top, the intensity of 
sssure at a depth  — x from its top is as indicated in 
Here, 1.€., 


h—% 


(I) p= po 


s now replace the slab by two systems of vertical and 
izontal beams crossing each. other and having the 
iths dx and dy, as it is well-known from Marcus’ and 
er theories of slabs ; we hereby dissolve the load into 
and py for the vertical and horizontal elements 
pectively, i.e., 


(2) p = px + py. 

Moreover, we assume that the load py on a horizontal 
ment and therefore also the ratios py/p and py/px 
ain constant on its full length. In the direction x, 
wever, we assume the ratio of px/py to be variable, 
ely a function of x. The deflection of a horizontal 
ment in its centre line (y = 0) thus is 


py L* 
384 EI 


¢ differential equation 


d* wx px 


(4) = 
dx" ETI 


bw, strictly considered, the displacements of the 
rtical elements should be the same as those of the 
rizontal ones at any point of the slab. In order to 
tisfy this condition, however, the ratio px/py should 
‘considered as variable also in the horizontal sense 
in this way we should come to the rigid solution 
s just wish to avoid for its laboriousness.. On the 
fier hand our assumption of a ratio px/py dependent 
| x allows us to fulfil the condition of equal deflections 
mg the whole centre line, y = 9, i.e., 


(5) Wx = Wy. 


e method therefore is more accurate than the approxi- 
ns used till now, in which the equality is assumed 
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only at a single point. We therefore insert eq. (2) into 
(3) and the result into (4) and obtain the common 
differential equation : 


d*w 384 p 
w= ——. 


(6) fe 
dix LA EI 


in which wx and wy have been replaced by w. 
In order to solve it we use the following abbreviations 


3,13% 3,13h 
(Ze = ee ital 
re Cen 


(8)' CS = e~€ cos tS = e-8 sin =, (CaS) b= Geass 
These functions have the advantage that, with increasing 
argument, they very rapidly tend to zero, thus greatly 
simplifying the arithmetic. 

Tables for these functions are available in many text- 
books and manuals. The solution is : 


po L* Ph—x 
9) w= | KC E+ eS eae 
384E1 h 
K, C(e — &) + K,S (e — | 


K, up to K, being constants. By computing the fourth 
derivation and inserting it into eq. (6) the correctness 


_of the solution (9) can easily be proved. 


The constants AK are to be computed from the 
boundary conditions. Usually the bottom edge of the 
tank is considered as fully encastré. Thus, when — = 
0, w = o and dw/d & = o or, after carrying out the 
differential operations 

(10a) Db ==. + Ky + K,C «+ K,Seand 

ee : 
(Iob) o = — ——K,+ Kk, + K,(C +S) e—kK,y 
& (C = S) € 


ps ay a aa ag 


If the reservoir is open at the top, € = «, both bending 
moment and shear force or the 2nd and 3rd derivations 
must be zero ; therefore 

(Ira) o = K,Se— K,Ce-+ K,and 

(t1b) 0 = K, (C—S)e+ K,(C +S)e+ Ky + Ky 
If, however, the box has a ceiling at the top we may 
assume the walls to be freely supported by it ; thus, . 


a let bs 


t2F 


 ~ 
——_e 


ot aie 
teas 


a fmm Se 


So Te al a RS A 


. laa, 


Nee 


on 
A 


Sta Cl See aN Pts OR 
sory Sy. rays aR ie : 7: > : 
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e Sie 


fore s, abaiectan aaa bending moment or w jad its. 


2nd derivation must vanish, and we have 
(12a) 0 => os IK, Ce = Kg ‘Sf + w€ and 
(2b) eit, fa (C + S)e+ K,(C —S)e+ Ky— Ky. 


If the dimensions of the reservoir are known the con- 


stants can easily be calculated from either the groups 
(ro) and (x1) or (10) and (12). Let us consider an open 
box with h = L (a cube) ; thus « = 3,13. Then Ce = 


— 0,0437, Se = + 0,0006, “vee, 0,92, Then, 


from eqs. (10) and (11) we obtain : 
K, = —I1 + 0,0437 Kg — 0,0006 Ky, 
K, = +0,320 + K, + 0,0431 Ks —0,0443 Kg, 
K, = —0,0006.K, — 0,0437 K,. and 


Ks = 0,0443 Ky + 0,0431 Ky — Kg. 
This system of simultaneous equations is best solved by 
iteration according to the following series 


K, = —I1 —I,003 —I,005 
K, = 0 —0,68 —0o,678 —0,690 
og aa) 0 —0,07 —0,104 —0,106 
Oy ea) 0,03 40,03 

therefore 


(13) K, = — 1,005, K,— 0,690, Kz = — 0,106, 


= +0,031. 
The greater ¢« is, the simpler the calculation of the 
constants will be. For tall boxes with a great « the 


exponential functions can be taken as equal to zero 
and we get from eq. (10) 


I 
(14) Ky = —1, Ky—1 + - 

while from both of the eqs. (11) and (12) we get 
(15) Ky = 


Now the bending moments and shear forces mx and 
gx, consider for unit width are in the vertical elements 


Ka = 0, 


aw 
(16) ms. = ET and 
ax* 
Aw 
(77) a =—ETI 
dx8 


Book 


The Calculation of Concrete and Reinforced 
Concrete Pipes, by A. Guerrin and G, Daniel. (Eyrolles, 
Paris. 312 pp. Ioin. xX 64 in.) 

This book is intended for Consulting Engineers and 
manufacturers of concrete and reinforced concrete pipes. 
It deals in detail with the behaviour of pipes under 
working conditions and their external stresses, one of 
the most intricate problems of soil mechanics. 

Theory and practice are described at length, and the 


authors draw a synthesis of calculations leading to the 


precise and practical determination of the various 
stresses acting on the pipes in relation to the thickness 
and elasticity of the pipes, the overloads and other 


variables. 


3 piel ge sorting eg. (9) and: _(o) we get th 


Review 


for the (bending moment = 


Pe acs Sa 
19,6 


(x8) mx = — 


The maximum negative moment occurs at the bottol 
& =o. For a tall reservoir, if esq. (14) and (15) 2 
valid, we get from eq. (18) : ; b 


pol? i 


(I— —). 
19,6 < 


(IQ) mx0 = — 


From the above example we thus get mixo 
— 0,0345f. L?, the more correct value from egs. 
and (18) being mxe = — 0,0355fo L?; the coincider 
is very close. The preceding equations show a 
analogy to the well-known theory of cylindrical shell 

The moments my from the horizontal frame acti¢ 
are obtained in the simplest way from eq. (3). Sint 
at midspan we have my = py L?/24, we get using eq. (€ 


pol? E : 
1— —}+ K,C&§+ K,S§+9 


me 5 E 
C(e—9K,S(e— 8) 
% 


(20) my = 


= 


In the corners we have moments of twice this value am 
of the opposite sign. Instead of this for a tall box ¥ 


may write q 
pol*® E = 

[= ——C §.—(——)SS 

24 OB yh = € “ 


By deriving with respect to — and equating to zero ¥ 
find the section of the maximum of my ; we get ; 


(21) my = 


-. ECE 
(22) S&= : 
a eed L 
One solution of this equation is — = 0 ; this yiel 


minimum, namely zero. The other solution is eas 
got by iteration ; it indicates the spot where my 
maximum. In the case dealt with above « = = 5.73 
S € = 0,190 (x — C &) and the following iteration 
is obtained 

C & = + 0,5 — 0,06 — 0,006 — 0,015 

5S &= 4+ 01 +02 + 0.15 + 0,192, 
therefore — = 1,6§ and hence x : h = 1,65 23.13 = 
0,53- The further particulars follow from eqs. (: 
and (21). 


the normal and the shear stresses acting on the wall 
the pipes. The authors have introduced an origin: 
method of calculation which should considera 
simplify the work of the civil engineer when stresses ¢ 
complex nature are encountered. 
This treatise ends with the grouping of special cal 
tions applied to particular cases such as ringed pipe 
egg-shaped pipes, bed-plated and beam pipes. _ 
The subject matter is extremely well and clear 
expressed and contains numerous examples. It shoul 
appeal to the designer concerned with the pei 
of concrete and reinforced concrete pipes. : 


." * Joa bare ee” ate fA Ys. A :. Ca ees “ety ye N73 4 L Bn ho J mt =, &* 
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Alteration and Repair of a 


Reinforced Concrete Warehouse 
By Stephen Revesz, M.Sc.(Eng.), D.1.C. (Graduate) 


Introduction 


During the course of several air-raids on Birmingham 
1 1940, the greater part of Messrs. Fletcher Hardware, 
td., warehouse was destroyed by fire. Many gutted 
aildings collapsed, but a four-storey reinforced concrete 
uilding remained standing, although it had been also 
wept by fire from end to end. Many longitudinal 
acks appeared in the concrete, and permanent de- 
rmation occurred in some floor panels. After super- 
cial repairs in 1942, the floors were tested and passed 


serviceable. By 1950, much of the repair work 
Toved ineffective, and the corrosion of the reinforce- 
- behind the spalling concrete required urgent 
tion. 

econstruction and extension of the original ware- 
ite was commenced at the end of 1950, in three 
itive stages, in the order indicated on the sketch 
in Fig. x. The building programme was limited 
client’ $ primary concern for space to continue 


STACE I 


+ STOREY 


STACE 


SINGLE STOREY LOADING DECK, LIFTS & STAIRCASE 


his business from the old warehouse (outlined heavily 
on the plan Fig. 1) with the minimum of interference. 
It was not intended to renew this building, but carry 
out remedial measures as necessary. The paper below 
describes some structural alterations to ensure the safety 
of the old four-storey reinforced concrete warehouse. 
Before the fire, a basement existed on the site of the 
proposed Stage II and III structures, but this basement 
was filled with the rubble of the collapsed buildings. 
The basement was not required for the new schemes, and 
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Fig. 1.—Sketch plan of general layout 


therefore im situ concrete piles were driven through the 
rubble from ground floor level. 


Description of Old Concrete Warehouse 


The four-storey reinforced concrete warehouse was 
constructed in 1919, on top of an existing basement and 
ground floor. A central row of columns, generally 
I2 in. X 12 in. section, divided the 28 ft.-wide concrete 
frames into two equal spans. The frames were spaced 
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at 13 ft. 6 in. and 20 ft. 6 in. centres, with secondary 


beams 12 in. deep and 5 in. wide between the frames, the 
floor thickness varying between 4 in. and 5 in. The 


Fig. 2.—Loose rust surrounding column 
reinforcement 


Fig. 3.—Galvanised steel mesh attached to 
exposed reinforcement 
~ 


external columns on the west elevation were cut into 
the brickwork wall from first floor to basement level. 
Where the concrete was broken out, it was found 
to contain 4 in. down granite chippings as aggregate : the 
concrete was very dense, apparently well compacted, and 
extremely hard. The reinforcement had been detailed 
in accordance with the Hennebique method, in which 
half of the longitudinal bottom reinforcement is bent up 


at the third oeits of t the span, to om he Be teel a 
the supports. Anchorage was provided by “ fishtailix g 


the bars. . The Shear reinforcement consisted of 
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Fig. 4.—Window ae broken up somite old 
reinforcement 
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Fig. 5.—Old concrete column after removal of 
surrounding brickwork 


steel binders 14 in. wide, § in. thick. The vertical bi 
of columns were butt jointed, and surrounded by loose 
fitting 6 in. long steel tubes, filled with grout. 


Reconstruction of Existing Beams and Column 


It was observed that the patchwork rendering appl 
in 1942 was becoming detached from the main body 
the concrete, due to the continuing corrosion of. 

ei ages 


ment behead te he prevent a tectirferice at 
a re 

ble, three precautions were taken : (i) sufficient 
/icrete was cut out to ensure that the fresh material 
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Fig. 7.—Sketch of retractable holding-down bolt unit 


ed the main reinforcement ; (ii) a heavy galvanised Fig. 2 shows the junction of the column and beams on 
was tied to the main reinforcement, and thus the the second floor of the warehouse, illustrating the 
aterial was reinforced ; (iii) all oxidised steel was condition of the column bars after removal of the loose 
7 ies mu WY, rendering. Approximately half the sectional area of 


Fig. 10.—Stanchion encased. West elevation of 
warehouse 


mig. 11,—Cantilever construction of Stage 1] warehouse 
extension 


the bar was lost due to corrosion. — ‘Experience on rt 
site has shown that wire brushing in itself would 


remove the rust entirely, which was contained in 


‘pores’ of the metal. After trials, it became evider 
that a chemical agi A a dilute acid in conjunctic 
\ 


ry 


Fig. 12.—Paving slab and mass concrete under ground 
floor column 

| 

with an inhibitor, brushed on to the steel and wiped o} 
would produce better results. Fig. 3 shows an extern 
beam, with galvanised mesh attached to the ma 
reinforcement, in the process of re-rendering the fac 
In some cases, the flat steel stirrups were reduced » 
paper thickness by oxidisation, and cracking was | 
severe that all the concrete was cut out (Fig. 4), ne 
steel added, and the beam re-concreted. 


Fig. 13.—4 in. overhang of an old sraund 
floor column 


Fig. 5 shows one of the ground floor columns on t. 
west of the building, which had been cast into the bric 
work in 1919. A steel mesh was wrapped around t 
column, and encased in 3 in. of concrete casing. ( 
the ground floor, in the south of the warehouse, 
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ection of the existing filler-joist floor was demolished 
newed in reinforced concrete. Fig. 6 shows a 
aken from the old floor, which joist clearly displays 
ffect of corrosion. The joists were at 5 ft. centres 


in 
et ween them. As a consequence, the floor panels 
iollapsed in whole during demolition ; caution had.to be 
jxercised by the demolition party, as large areas broke 


lway without warning. 


= 


Underpinning of the North-West Corner 


The g in, brick panel which covered the north and 
est facade of the old concrete warehouse were scheduled 


Fig. 15.—Old column at commence- 
ment of demolition October 10th, 
1952 


demolition, to provide access into the building on 
le ground floor, and admit windows elsewhere. There 
Vas no column from the ground to the first floor in the 
horth-west - corner of the ‘structure, the load being 
fransmitted from floor to floor by the brickwork skin. 
t was intended to underpin the first floor corner of the 
structure by inserting a 5 in. square solid steel stanchion, 
[2 ft. 6 in. long. Trestles were erected in the lift shaft 
d staircase foundation raft north and west of the 
er respectively. and two 15 in. x 4 in. R.S. channel 
ons used as needles to support the corner tem- 
ily. The staircase wall was enlarged to form a 


the 5 in. floor, without reinforcement of any kind - 


concrete pier, on which the steel stanchion was to rest. 


. A specially designed retractable holding down bolt unit 


(see Fig. 7) was cast into the top of the concrete pier. 
The purpose of the retractable bolts was to allow 14 in: 
play only between the length of the stanchion and the — 
space left for its insertion, so as to minimise the depth 
of packing (with steel wedges) to 14 in. The recess into 
which the bolts slid was filled with liquid grout before 
the packing commenced. Fig. 8 illustrates the trestles 
which supported the corner from the north side, showing 
the manner of placing the stanchion in position, while 
Fig. g illustrates the stanchion after the removal of the 
trestles. The stanchion was later encased in concrete, 
and Fig. 10 shows the corner from the west, after the 
brickwork was removed. The work described was 
carried. out by a sub-contractor at day-work rates ; the 
total cost was found to be appreciably below the lump 


. sum estimate for the operation obtained from the main 


contractor. 


‘Underpinning the Ground Floor Columns, East 


Side of the Old Warehouse 


The new four-storey warehouse of Stage II was a 
cantilever reinforced concrete structure (see Fig. 11), 
founded on im situ piles. This system avoided inter- 
ference with the existing foundations along the edge 
of the old building. The existing basement of the old 
building projected about 6 feet beyond the line of 
columns on the ground floor. The ground floor over 
this space was scheduled for demolition, to be covered 
by the cantilever system flooring of Stage II. While 
the old floor was being demolished, it was discovered 
that the old 114 in. x 104 in. reinforced concrete 
columns carrying the four-storey structure were not 
connected soundly with the basement piers. Apparently 
no starter bars had been used in the construction of 
the ground floor columns, because the paving slab 
continued under them, with mass concrete filling be- 
neath, as shown in Fig. 12. There was also an eccen- 
tricity of the concrete construction, as shown on the 
photograph. In other cases, there was a dangerous 
overhang, the worst being 4 in. as shown in Fig. 13. The 
underside of the overhang was cut back at 45°, and a 
new concrete pier cast under it. The face of the old 
pier was hacked, holes drilled into the faces adjacent 
the side with the overhang, into which holes the rein- 
forcement of the new pier were anchored. 


Underpinning of the Double Column in the Old 
Basement 


During the extension of the basement in the south 
of the old warehouse, it was found that the central 
column foundation rested on soft black earth. The base 
projected into the basement by about three feet high, 
and its underside was only a few inches below basement 
floor level. The size of the base was ro ft. x 6 ft. It 
carried a double column, each about 1 ft. 2in. x I ft. Tin. 
which had been erected at different periods, and were 
separated by a narrow gap. It had been intended to 
place an additional footing onto the original foundation, 
and erect a 12 in. xX 12 in. column adjacent to the 
existing double columns, to carry a proposed new 
ground floor inside the warehouse. In view of the 
bad soil beneath the base, it was decided to cut out 
both the original base and the double columns to ground 


‘floor, since three gains could be affected this way :— 


(1) Access to the extended basement would be 
improved by removing the projection of the old base. 
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(2) By incorporating shear bars into the reconstructed 
column, the additional 12 in. x 12.in. column to. coe 7 


ground floor would not be required. 


(3) Danger of further settlement could be eliminated. 


The scheme for underpinning is illustrated 1 in drawing 
Fig. 14, where the base is shown in relation to sections 
through the building. Firstly, the earth was excavated 
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14._Scheme for underpinning column D14 


on the north and south side of the old footing, to a depth 
of 4 ft. 6 in., where yellow sand was found. Two con- 
crete. bases were cast into these holes, with. bent up 
reinforcement, and a castellated shutter board-as shown. 
The tops of these subsidiary bases were finished at a 
take, so as to pick up the timber Props used in the 


The concrete of the column was cut at ground floor 
level (see Fig. 15), leaving a blunt V-shape pointing 
downwards. When about a foot of concrete w. 
removed by hand. chiselling, the reinforcement was 
firmly tied together with timber packing and pipe clips, 
so as to reduce vibrations being transmitted, anc 
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matic hammer used for breaking the concrete 
ig. 16). An indication of the toughness of the old 
crete is illustrated by the fact that about 15 cutting 
ols were ruined in the operation. The earth between 
e subsidiary bases was excavated, the reinforcement 
a down (see Fig. 17) starter bars added, and the 
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ediate base concreted. Stirrups were placed 
and the reconstructed column bars, so as to unite the 
rious double column, as shown in Fig. 18. The last 
he column was cast to within 2 in.-3 in. of the 
np of the old column. The remaining space was 
; a semi-dry 1:3 mixture of cement and 
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} in. down granite chippings, rammed into place using 
back and side shutters. , 

The semi-dry mixture was obtained in the following 
way : A bucket was filled with water to a given level, to 
which cement was added slowly, stirring all the time. 
When the grout had congealed into a consistency 
resembling dough, it was emptied on to a board, where 
the chippings were worked into it by hand. - 
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. Fig. 14.—Scheme for underpinning column D14 


One day after ramming in the mixture, the shuttering © 
was removed. Sacking was tied around the column 
immediately below the top of the V joint, where the 
granite mixture was not brought to a sharp point. 
Liquid grout was poured around the circumference of the 
column, retained by a groove formed by the sacking. 


The sacking was kept moist for seven days. The props 
were removed after a further seven days (see Fig. 19). 
The column was checked against a marked level, from 
which it appeared that no settlement occurred in the 
operation, from beginning to end. The column had its 


Fig. 16.—Demolition of old foundation 
October 21st, 1952 


dtl 


Fig. 17..Bent down reinforcement in new 
footing October 25th, 1952 


severest test immediately after the removal of the props, 
when it had an unsupported height of 23 feet from 
basement to the first floor. The ground floor was then 
constructed, on completion of the tricky underpinning 
operation, 


Fletcher Hardware ind4 Binninohaat” ; to the Archite 
E. Goldfinger, Esq., D.P.L.G., L.R.LB.A. (for a 


Fig. 18.—First lift of reconstructed column 
October 30th, 1952 


Fig. 19.— Reconstructed column with shear 
bars, November 15th, 1952 


the author supervised the work), and to the Consulti 
Engineer, Dr. K.  Hajnal-Konyi, M.I.Struct.] 
A.M.I.C.E., for permission to publish facts, cra a 
photographs referred to in the paper. 


eRe eS AN Se atte 
MyiL Sala Me ey oe 


|The PRESIDENT proposed a vote of thanks to Dr. 
‘homas for having discussed and illustrated his interest- 
ng and very valuable work, and declared the meeting 
pen for discussion. 


_Mr. F. W. Davey (Associate-Member), commenting 
hat occasionally engineers had to make some estimate 
f the strength of brickwork in more or less pure bending, 
aid that a short time ago he was asked by a firm making 
recast concrete products to compare a precast concrete 
jaanhole with a conventional brick manhole. Very 
little information on the subject was available, and 
‘ests were made in the laboratory of the firm concerned, 
‘he results of which he illustrated. Two manholes were 
juilt in 9 in. brick, their dimensions being 36 in. by 
0 in., one of them in Fletton brick and the other in a 
food engineering brick from Bexhill. A 5 :2 cement 
nortar was used and the manholes were tested at the 
ige of about four weeks. 

_ The first illustration showed the Fletton brick man- 
tole. The test machine used was the ordinary one 
ised for the B.S.S. standard tests on concrete pipes ; it 
ipplied a knife edge load on the centre, top and bottom. 
_Themfailure of that manhole was then illustrated. 
Mr. Davey pointed out that failure had taken place in a 
‘fairly straight line through both the mortar jointing or 
che brick ; thus the mortar seemed to be roughly of the 
same strength as the brick. 

The third illustration showed the result of the test on 
the stronger engineering brick, where the fracture 
mvariably ran through the joints ; there was no fracture 
through any of the bricks. 
~ From the results of the experiments he had tried to 
calculate the modulus of rupture. In the case of the 
Fletton bricks the modulus turned out to be 210 lb. 
ber Sq. in., for the engineering brick it was 356 lb. per 
sq. in., and for the precast concrete it was 940 lb. per 
3g. in. On testing a single Fletton brick, the modulus 
vas shown to be 420 tons per sq. in. 

_ Referring to an illustration in the paper of panel walls 
ested ‘by applying a uniform load over the whole 
surface, Mr. Davey said that from the results he had tried 
atrive at the modulus of rupture, and his figures were, 
the 44 in. wall, about 600, for the g in. wall, 335, and 
the 132 in. wall, 500. Those figures were all con- 
iderably higher than those applying to his manholes, 
and probably the reason was that when the panels were 
ted the first crack appeared long before the final 
ilure, whereas in the case of the manholes, due to the 
‘angement of the tests. the final failure had occurred 
nost immediately after the first crack had appeared. 
30 that possibly the lower figures were more important 
© engineers, as a guide to the actual strength of the 
ckwork. 

The cracking of the Flettons, the weaker type of 
wicks, in more or less straight lines through brick and 
ho indiscriminately was observed during the blitz. 
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houses which were blitzed and which were built in 
Fletton bricks and cement mortar, the cracking was of 
the same type, there being a few broad cracks through 
both brick and jointing, whereas in the case of the older 
4 *Read before the Institution of Structural Engineers at 11, Upper 
Belgvave Street, London, S.W.1, on Thursday, February 12th, 1953. 
Mr. E. Grantey, B.Sc.(Eng.), M.I.C.E., M.I.Struct.E. (President) 
m the Chair. Published in THE STRUCTURAL ENGINEER, Vol. 
Xl, No. 2, pp. 35-46. (Feb., 1953.) 
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buildings, in which lime mortar was used, almost 
invariably the joints had failed and the walls had 
disintegrated into. separate bricks. 

That fact led Mr. Davey to ask for Dr. Thomas’s 
opinion as to whether bonding was really necessary 
nowadays. It was quite natural that it had arisen 
when our fathers were using weaker mortar, i.e., lime 
mortar, but was it really necessary to-day ? 


Mr. A. L. HANDLEY, O.B.E. (Member), referred to the 
restriction, in the London Building (Constructional) 
By-laws 1952, that the minimum thickness of a calcu- 
lated brick wall should not be less than one-sixtieth of 
its height. For example, this would limit the height 
of a g in. calculated wall to 45 ft. irrespective of the 
quality of the bricks and mortar used. He asked 
Dr. Thomas whether he considered this restriction 
necessary in the case of a calculated wall where the 
permissible stresses were not exceeded having regard to 
the limitations imposed by the slenderness ratios of the 
wall in its various storey heights. 


Mr. E. G. Ropinson (Associate-Member) said that 
most of the information one heard about load-bearing 
brickwork made no reference to chimney brickwork. 
The design considerations for such brickwork were 
rather different from those of ordinary load-bearing 
brickwork, in that one had to safeguard against it being 
too rigid, which meant that strong mortar could not be 
used. Therefore, the suggestion that comparatively 
high stresses could be imposed when using a weak mortar 
with strong bricks was of interest, in that it could make 
a very substantial difference to the design of a chimney. 
The present position was that chimneys, in the main, 
were designed first and calculated afterwards. But 
that took us up to only the first 200-300 ft. ; at greater 
heights the designer looked for guidance in the Code, 
but unfortunately he rarely found it. 

The question of slenderness ratio in particular raised 
a knotty point. Most rules stated that the height of a 
chimney should not be more than 12 times its diameter 
at ground level ; it had nothing to do with the thickness 
of the wall. In some cases the height/thickness ratio 
might be as much as 140. A little while ago he had 
come across a design for a chimney 350 ft. high, having 
2 ft. 6 in. thick walls at the bottom, giving a height/ 
thickness ratio of 140, but the height/diameter ratio 
was 12.7. He had calculated the dead load on the 
bottom to be 142 lb. per sq. in., and making an assump- 
tion for wind pressure, the combined load was 262 lb. per 
sq. in. But none of that conveyed very much unless 
one knew what to do about the slenderness factor. 
Did the Code of Practice refer to the chimney dimension, 
or the wall dimension? Assuming the former, the 
maximum combined equivalent unit of stress derived 
from the C.P. factor was 524 Ib. per sq. in., which seemed 
to him to be rather high. In one handbook 350 Ib. per 
sq. in. was noted as a reasonable working maximum. 

Another matter of interest was the standard of 
workmanship, the difficulty of discovering what effect 
the tradesman had on the job he was doing. In chimney 
building, that question came very much +o the fore, as'a 
high degree of solidity was not desirable, and he felt 
that the use of a low load factor for the brickwork might 
with advantage be carefully considered. There was 
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not the same risk of falling below a low standard as 
would be the case if a high standard were set. Application 
of a high load factor to low quality brickwork was 
probably desirable in general, bearing in mind that, the 
rougher the material, the rougher was the work, for the 
poorer bricklayer was employed on the lower quality work. 

The Code of Practice, he continued, referred to con- 
crete bricks as well as to clay bricks, but in Dr. Thomas's 
paper there was no reference to the testing of concrete 
bricks. It was fairly well known that some types of 
concrete brick were liable to crack in the work, which 
he was inclined to think was the result of lack of tough- 
ness in concrete as compared with clay. He was really 
concerned about the use of strong bricks in weak mortar, 
bearing in mind that the strength of a wall was probably 
related to the increased strength of the brick in shear ; 
he wondered whether any tests had been made to relate 
shear stress in different qualities of clay brick to final 
strength, particularly in connection with the use of 
weak mortar. 

Finally, Mr. Robinson referred to the great difficulty 
which was bound to occur in connection with moisture. 
With cement mortar it was essential to wet an absorbent 
brick to prevent the water required for hydration of the 
cement being taken from the mortar by the brick. 
With lime mortar the reverse was the case, as one relied 
on the bricks to help dry out the mortar to give a 
reasonably early set. Many specifications required the 
wetting of all bricks, irrespective of their absorption 
or the type of mortar. If there were no absorption, the 
wetting of the brick could make it practically hopeless 
for the bricklayer to do anything with it at all. 


A SPEAKER, dealing with the determination of the 
load factor, asked whether it was calculated on the 
basis of the load at which the first crack appeared or 
on the basis of the crushing load at final failure. 


Another SPEAKER, discussing the assessment of 
eccentricity of loading on brick piers, asked for Dr. 
Thomas’s comments in the case where one end of a 
concrete beam was supported across the top of a pier. 
With a flexible beam the interaction might be over half 
the width of the pier at the beginning of the loading ; 
but as the load was increased it might affect the pier 
sufficiently to reduce the eccentricity or to counteract 
its effect in large measure. He asked whether tests 
had been made in that connection. 

The interaction of the various parts of a structure, he 
continued, was very important, and he recalled ‘the 
author’s illustration of the interaction of a brick panel in 
a concrete-clad steel frame. If we were to achieve 
greater economy in the design of multi-storey buildings, 
the interaction of the various parts had to be studied 
more closely and it seemed to him that that was the sort 
of work the Building Research Station could very well 
do ; probably it was being done there. 

One aspect of the problem which he instanced was 
that of the strength of a steel joist. embedded in a con- 
crete floor. He suggested that the combined action 
of the concrete and the steel would give far greater 
strength than it was customary to allow at the present time. 

Another aspect was that in a multi-storey building 
there were precast and hollow tile floors to carry par- 
titions running in each direction over the floors. That 
also should be borne in mind in the consideration of the 
interaction of one part of the structure with another. 


Mr. A. L. Hanpiey, O.B.E. (Member), asked if he 
were right in thinking that in the opinion of the Building 
Research Station a wall built of concrete blocks, which 
were comparatively large in size (say) 18 in. by g in. by 
4 -in., was stronger than the corresponding brickwork 


built with the normal 44 in. brick. He raised the po 
because in these days cavity walls seemed to hav 
great many adherents, and the supervision of thei 
construction was extremely difficult. He had in min 
what he considered to be a bad practice, that of having 
a cavity wall built with a brick outer skin and with a 
block inner skin. 

He had had under his supervision buildings in whic 
that type of mixed wall construction was used. He did) 
not know whether those responsible for adopting this) 
form of construction thought that both skins would be 
built at the same time but in his experience this was not 
practical and he had never known it done. a 

To get a sound job, constant supervision was necessary, 
as unless carefully watched ties were apt to be left out 
at the time the outer skin was being built. Then it was) 
frequently found that the block courses did not cor- 
respond with the brick courses and it was not unknown, 
to find that.the ties had been bent into the cavity. To 
ensure that the two skins were properly tied in such 
case was both costly and troublesome because of the 
additional cutting of the blocks which was necessary to 
take the ends of the ties. Again, the heaviness and 
unwieldiness of the blocks militated against their ease 
of laying and hence led to bad worksmanship. if 


Mr. J. S. Scotr (Associate-Member) asked for Da 
Thomas’s opinion about the London By-Law which 
provided that a load-bearing cavity wall must not ae 
more than 24 ft. high and 30 ft. long. | 


Dr. THomas, replying to the discussion, first thanked 
all who had contributed to it. 

Dealing with the requests for his opinion as to whethal 
two particular limitations in the London Building 
(Constructional) By-Laws were necessary, he said, with, 
regard to that mentioned by Mr. Handley, where the 
thickness of a wall was controlled in relation to its, 
height, that in principle, of course, there was no reason 
to have any limitation whatsoever. If we knew the 
relationship between the slenderness of a wall and its 
strength, then the fact that a very slender wall had 
very low strength could be allowed for in design, vod 
so long as the permissible stresses corresponding to the’ 
high slenderness ratio were not exceeded, vee 
would be all right. 

Data on the strength of slender walls, as built im 
practice, were however almost impossible to obtain ; and) 
it was prudent therefore to introduce limits in practical) 
design. The Code of Practice limits related only to the: 
slenderness of walls between adequate lateral supports, 
but the L.C.C. By-Laws went a stage further with thet 
limitation of slenderness irrespective of the spacing} 
of such supports. It seemed to Dr. Thomas that the 
possibilities of accidental eccentricities of loading and) 
of deviation of the wall from perpendicularity were’ 
likely to increase with overall wall height and that. 
there was some justification for the additional limitation. 
to which Mr. Handley referred. The limiting ratio: 
specified was necessarily somewhat arbitrary and may 
well need to be modified in the light of experience. 

With regard to Mr. Scott’s question on the By-Law 


which provided that load-bearing cavity walls should’ 


not be more than 25 ft. high and 30 ft. long, he said’ 
that he could see no necessity for this limitation if the: 
wall were calculated in accordance with the Code of 
Practice. He had been rather disappointed that the: 
new L.C.C. By-Laws did not give the rules for designing 
cavity walls by.calculation. However, the matter was 
linked with the limitation mentioned by Mr. Handley. 
For an 11 in. cavity wall, for example, the effective 
thickness given ay the Code was two-thirds of 9 4 
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a 6 eS eee Heats with a timiting height- thickivess 
atio of 60 the wall could not be built higher than 30 ft., 
yhatever the stresses were calculated to be. 
hus little to be gained by changing from the present 
ule-of-thumb method in the L.C.C. By-Laws to design 
if a cavity wall by calculation, unless thicker walls were 
ised. Nevertheless, Dr. Thomas would have preferred 
0 have seen the Code rules for cavity walls adopted 
by the L.C.C. 


‘With regard to the strength in pure bending, he had 
xeen most interested in Mr. Davey’s illustrations. He 
iad assumed from Mr. Davey’s remarks that the results 
liven were in terms of the maximum load. He quite 
igreed that there was a considerable difference between 
the cracking load and the ultimate load for a panel 
uilt into a framework when Subjected to lateral loading, 
30 long as there was not a gap between the edges of the 
panel and the framework. If the edges of the wall were 
buttered to the framework, a slight bending of the 
panel would occur as the result of the loading, and then 
a kind of dome action was set up whereby the panel 
sould carry very much larger loads than one would 
suppose from any simple calculation of plate action. 


Dealing with the question as to whether bonding was 
necessary, Dr. Thomas said he considered it to be 
essential. 
could conclude, from the tests which Mr. Davey had 
mentioned, that bonding was not necessary. The bending 
strength depended very much on how the loads were 
applie¢. In the tests on the manholes the line load was 
applied at right angles to the continuous horizontal 
joints ; the strength in bending of brickwork tested in 
that way must be much higher than when tested with 
the line load parallel with the continuous horizontal 
joints. He suggested that if a slab of brickwork were 
tested in the latter manner, instead of getting a result 
of (say) 300 lb. per sq. in., it would be more like 70 or 
80 lb. per sq. in., or even less depending on the adhesion 
developed between the mortar and the brickwork. The 
adhesion was usually very poor, particularly where 
high strength brick was used with inadequate wetting, 
together with a strong mortar, without lime. It was 
necessary to be very careful, therefore, when using the 
figures for modulus of rupture which Mr. Davey had 
given. He did not want anyone to suggest that the 
next Code should allow high tensile stresses in brickwork. 

In reply to Mr. Robinson, he said the Code of Practice 
CPrrr did not really deal with chimneys at all. Never- 
theless, he was very interested in Mr. Robinson’s 
remarks, and said that in his opinion the slenderness 
ratio of a chimney should be based on the ratio height 

the chimney to its overall diameter at the base, rather 

nan on any consideration of the thickness of the walls. 

‘eally, it was a case where we should work on an L/k 
ratio rather than L/d. It was the radius of gyration 

which usually counted in determining the weaknesses 
of slender members, and the height/thickness ratio was 

sed only for convenience in the design of some struc- 
ural members. We avoided it in steelwork, but allowed 

t in concrete and brickwork, but he suggested that the 

est basis of design for chimneys would be a slenderness 
ratio where the height divided by the radius of gyration 
was used, 

The question of shear strength and shear tests on 
brickwork was important. Very little work had been 

done in that direction in this country, but there was not 

e slightest doubt that in many cases the failure of 

ickwork resulted from shear. For that reason it was 
very important that an engineering brick should not be 
used with a straight I : 3 cement mortar, as had been 
e practice in some cases in the past. It was desirable 


There was. 


At the moment he could not see how one. 
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to ensure that the bond strength between the brick and 
the mortar in both shear and tension was good, and 
that meant that when using engineering brick it was 
necessary to compensate for its rather low suction by 
introducing a certain amount of lime into the mortar. 

Replying to the question concerning the load factors 
as shown in the diagrams, Dr. Thomas said those load 
factors had been worked out in all cases on the basis of 
the maximum load reached in the tests. 

The difficulty of assessing eccentricity in practice, 
mentioned by another-speaker, was a deterrent to the 
calculated design of brickwork. In recent years at the 
Building Research Station a fair amount of checking 
had been made of various structures, using load-bearing 
walls and piers, and they had their own kind of catalogue 
of assumed eccentricities. They would assume, for 
example, that the eccentricity on a wall carrying a 
concrete floor slab was less than that occurring when 
carrying a timber floor ; the greater flexibility of the 
timber joist, as compared with the concrete slab, would 
tend to give greater eccentricity. He agreed with 
Mr. Williamson that, as a wall bent, the eccentricity 
might tend. to become less. 

An interesting feature which became evident in some 
designs was that the eccentricity was not so important 
as might at first be thought, if it were assumed that 
eccentricity coming from a floor in a building dis- 
appeared by the time the floor below was reached. The 
Code allowed an increase of 25 per cent. of stress, when 
this was due to eccentricity of load ; and the effect of 
the eccentricity was often covered by this allowance. 

Quite a lot of work was being done at the Building 
Research Station on composite action ; the field of 
investigation was wide, and he believed that the useful- 
ness of it, if it could be codified, would be considerable, 
but on the other hand the difficulties of getting it 
codified were very great. This was however a matter 
for another meeting. 

Dealing with Mr. Handley’s comments on the com- 
bination of bricks and blocks in a cavity wall, Dr. Thomas 
said that he would not say that walls built of concrete 
blocks were stronger than those built with bricks. The 
Code of Practice did not differentiate between blocks 
and bricks in terms of the permissible stresses for 
particular strengths, except in one respect, and maybe 
the clause with regard to that had been misunderstood. 
It stated that if blocks were used where the height was 
at least twice the thickness we could use higher per- 
missible stresses than those tabulated ; in fact, we 
could double them. It did not state that the blocks 
were stronger than bricks, but inferred that if a unit, 
whether of concrete or clay or other material, were tested 
as an individual unit and the height/thickness ratio 
was two, it was probable that the strength was only 
about half what it would be if we cut down the blocks so 
that the height/thickness ratio was similar to that ofa brick. 

He had been surprised by what Mr. Handley had said 
about the building of a:cavity wall, and he must try to 
obtain more information about it. If he had been 
supervising the sort of jobs which Mr. Handley had 
mentioned, he would not have been very happy about 
them if the walls were built in the manner indicated. 

Finally, Dr. Thomas thanked the meeting for its kind 
reception of the paper, and for the discussion, which 
would help him quite a lot and would give him several 
lines for further investigation over the next 25 years at 
the Building Research Station ! 

The PRESIDENT expressed the Institution’s further 
indebtedness to Dr. Thomas for having answered the 
questions raised, and said he felt that all were satisfied 
by those answers, 
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Soil Mechanics. in Relation 


to Structural Engineering 


Discuccien on Mr. P. L. Capper’s Paper* 


The PRESIDENT, expressing the thanks of the Institu- 
tion to Mr. Capper for his review of the present position 
of soil mechanics in relation to structural engineering, 
said all would endorse his statement that close co- 
operation between practising engineers and research 
workers was necessary to fill in the gaps in our know- 
ledge. 


Supporting Mr. Capper’s statement that too much 
care could not be taken in site investigation, the Presi- 
dent said he felt that im some cases such investigation 
was not carried out with sufficient care, and in his view 
an engineering assistant should be on the site the whole 
time so that the fullest information could be obtained. 


With regard to the selection of the positions in which 
borings were to be sunk, he said it was a difficult problem, 
and in that connection he was reminded that the late 
Sir William Matthews, referring to borings put down 
with the greatest care for the Outer Barrier, Hodbarrow, 
had said that if the engineers had purposely placed the 
borings so as to deceive the contractors with regard to 
the level of the clay bed, he did not think they could 
have placed them in better positions. 


Mr. Donovan H. LEE (Member of Council) said 
Mr. Capper’s most interesting paper was almost a text- 
book in itself. He need not have apologised for not 
running on into the practical applications; it had clearly 
been sufficient achievement to put forward so much 
within such a small compass. 


In the Introduction Mr. Capper stated that : ‘‘ It is 
now generally recognised that as regards the stability 
of foundations the theories of Rankine and Bell are not 
supported by experimental evidence.” Mr. Lee said 
he might have read that sentence out of its context, 
but it struck him as being possibly a trifle misleading 
as most, if not all, practising engineers still used Ran- 
kine’s formulas, especially for lateral pressures. Mr. Lee 
said he had looked in Mr. Capper’s book to see what he 
said there and it was : 


“Tf due attention is paid to the limits of their 
applicability, Coulomb’s, Rankine’s and Bell’s theories 
are still considered sound, and corrections are easily 
made when required to allow for deviations from the 
ideal assumptions.” 


Mr. Capper had spoken of the stresses in the soil 
beneath a footing being generally computed by Bous- 
sinesq’s theory. Did he think it desirable to amplify 
that, because surely, it applied to the pressure at a 
point in an infinitely extensive elastic isotropic solid 
due to a point load and some compromise is needed for 
distributed loads. 


Mr. Capper had said ‘ For rigid footings on cohesive 
soil the pressure is greatest at the perimeter of the 


_ *Read before the Institution of Structural Engineers at 11, Upper 
Belgrave Street, London, S.W.1, on Thursday, February 26th, 1953, 
My. E. Granter, B.Sc.(Eng.), M.I.C.E., M.I.Struct.E. (President), 
in the Chaiy. Published in THE STRUCTURAL ENGINEER, Vol. 
XXXI, No. 2, pp. 47-61. (Feb. 1953.) 
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footing. ..” Mr. Lee asked if he would amplify tha 
because the examples in Fig. 1 showed the pressur 
variation for the unusual case of a soil loaded at th 
surface ; further into the soil the higher resistance fron 
the edges became relatively less and a fair distance 
the ground whether the soil was cohesive or non-cohesive 
the pressures were tending to be uniform. . 


Another point which was of importance to practiall 
engineers was not what was the distribution of pressur 
(because most bases were designed for uniform pressur 
and very few failed) but whether on clay the loads wer 
approximately as calculated, after settlement with th 
passage of time. On clay a building was relatively — 
rigid structure, and therefore the building tended t 
arch over the central area, or where settlement woull 
have been greatest with great shear and bending stresse 
sometimes coming into play ; the loads on particula 
bases might therefore alter considerably. On the othe 
hand, on granular soil the structure was flexible relativ 
to the soil. 


Speaking of Housel’s perimeter-shear theory, h 
welcomed and endorsed the author’s reference to it ani 
suggested it had not been sufficiently appreciated ij 
this country. 


Next, he asked if Mr. Capper believed, as he did, tha 
unconfined soil tests, generally speaking, gave pessi 
mistic results. It seemed that however careful w 
were in taking a sample it was never so good as it wa 
when in the ground. 


Finally, he wondered whether Mr. Capper would lik 
to comment on M. Caquot, whose work in connectio; 
with internal friction and earth pressures he had notice 
was not referred to although given prominence for som 
time in France. 


Mr. JoHN KiNG (Associate-Member) added his con 
gratulations to Mr. Capper on having got so much int 
his excellent paper, and mentioned two points whic. 
we should do well to stress, particularly as the pape 
seemed to be of the type which the younger men woul: 
read and look to for guidance. 


The first was the knowledge of geology which all youn, 
engineers should have, and especially of the rathe 
complex geology of the more recent alluvial deposits 
because many of us had to build in the London regio; 
and it was a very tiresome place in which to buile 
Mr. Capper had drawn attention to it in the Paper, bu 
it was worth underlining. 


The second matter, which deserved a little fulle 
treatment than. Mr. Capper had given it, was that c 
soil description and classification, on which Dr. Terzagh 
had laid considerable stress, because if' a soil wer 
accurately described and classified, perhaps accordin, 
to the Casagrande method, the knowledge of those wh 
had gone before us could be drawn upon, so that we migh 
have an indication of what to expect from various soi 
in various conditions. It was also useful for the younge 


really know what to make of a given 
uuld classify it correctly, He had not then to 

el into the ground and say, for instance, ‘‘ That 
Ul right for two tons.’’ 


r. K. L. Naso congratulated Mr. Capper on his 
pst readable paper and on his elegant model. 


On page 51 Mr. Capper had referred to the shear 
ength of soils, and in Fig. 5 he showed a Mohr circle 
d strength envelope for a c — @ material. In the 
xt it was stated that AR represented the plane of 
pture, and a plane parallel to AR was drawn on the 
t “sample” diagram. It was also mentioned, on 
e 52, that the failure planes in a clay were not 
ined at 45°, despite the fact that the envelope was 
irallel to the o axis. Thus there would appear to be 
me fallacy in the construction, and it was to that 
mnt that Mr. Nash directed his comments. 

|From the geometry of Fig. 5 it was seen that the 
- yi 

ilure planes were inclined at (45 + —) ° to the major 
iar 2 

aneipal plane. The angle a found from measuring 
ie direction of those planes was in fact the true angle 
f internal friction of the soil, as had been shown by 
kempton.* Hence, if the construction in Fig. 5 were 
) be used, the stresses must be effective stresses and 
ie envelope the true friction, true cohesion, envelope. 


‘To illustrate the point he gave the results of a few 
ndrained triaxial tests with pore pressure measure- 
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When plotted with respect to effective stresses, 
however, tests 1 and 2 gave approximately the same 
circle, and the construction applied to that strength 


(Ib./sq.in) 


300 O' (Ib/sqin) 


Fig. A 


Mohr circle diagrams for undrained tests on Newburn sand. 
a). In terms of total stresses 
b). In terms of effective stresses 


envelope gave the failure planes at about the right angle 
for all three tests. 
If the construction were to be applied in Fig. 7, it 


lents made on a fine sand (having no true cohesion) at must be to the @; and not the @a envelope. Otherwise 
oa) : . 
ing’s College, London :— one would get quite a wrong result. 
if: 
Consoln. Porosity Stresses of failure (lb./sq. in.) 
pressure ~ after - 
(Ib./sq. in. consoln. G3 61-53 ont Uw Gas G3! 
5 44.65 50 97-9°> 147-9 4.8 143.1 45-2 
bi etiam 44.61 100 99.0 : 199.0 48.5 150.5 51.5 
100 44.0 200 201.0 401.0 99.0 302.0 101.90 


rhe first two samples were practically identical. Both 
e consolidated by merely a small pressure. In the 
one, having consolidated the sample, the cell 
ure was built up to 50 lb./sq. in., and in the second 
it was 100 lb./ sq. in., but both samples had prac- 
uly the same strength (c, — s,). In the first sample 
pore water pressure at failure w» was 4.8, and in the 
nd one it was 48.5 lb./sq. in. 


The third sample was consolidated to a.slightly lower 
ity, and it had very much greater strength than the 
-two. That was shown in the Mohr circle diagrams. 


When the results of the first two tests were plotted 
h respect to total stresses, the strength envelope 
icated, as for a clay (and for the'same reasons), that 
was no friction at all, 2 = 0. Unless the effective 
es could be increased (as in test No. 3) there could 
no increase in strength. The direction of the failure 
lanes was not that given by joining the minor principal 
ess to the point of contact with that envelope. An 
elope to the three circles would be meaningless. 


empton, A. W. A Study of the Geotechnical Properties 
ie Post-Glacial Clays. GEOTECHNIQUE, I, 1, 7-22. June, 


Dr. B. H. Knicut (Member) said that when he had ~ 
heard Mr. Capper say in the course of his opening 
remarks that he would not offer anything new he had 
experienced a feeling of enormous relief, for there was a 
spate of new work. 


Dr. Knight went on to ask if Mr. Capper considered 
there was any real sense in Young’s modulus as applied 
to a soil. In the literature of the subject everybody 
was extremely cagey about Young’s modulus for a 
soil ; and at various Research institutions he had asked 
what they understood by it, but he had never obtained 
a direct reply, always being told that work was on 
progress and was not yet ready for publication. That 
was rather wearisome. If Young’s modulus changed 
all the time while a load was applied, obviously the 
assumption made by Boussinesq would fall and a lot 
of the graphs in the paper would not apply. So that 
we did not know where we were. 


On page 60 of the paper there was a reference to the 
plate-bearing test, which Mr. Capper had suggested for 
measuring the load-bearing properties of a soil and, as 
he had said, it was a good ‘“‘ model”’ test, used by all 
sorts of people for finding out what loads they could 
put on to soils. But Dr. Knight confessed that he 


had doubts as to the real value of a plate-bearing test, 
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‘ and he asked if Mr. Capper considered that the variations 


in soil mositure content, seasonal or otherwise, affected | 


the results of such tests. 


a More important and more fundamental was the point 
| concerning the conditions of loading in the test. Dr. 
; 


Eorth pressure 


Settlement 


Fig. 1 


Knight suggested that the rigidity of a steel plate of 
that kind would be comparable with that of (say) a 
concrete footing. Whilst admitting that roads and 
runways were not within the compass of the paper, 
although a runway was a structure of sorts, he asked 
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In Pees Mr. Casper Be the! Seite jaca 
his paper, Dr. Knight said he would keep it by iy 
would use it in the future. Mr. Capper had rendered 
very great service to the Institution. 


Professor A. L. L. BAKER (Vice-President) co 
gratulated Mr. Capper and thanked him for his compr 
hensive review of soil mechanics to date. 

Commenting further on Mr. Capper’s reference to t 
importance of achieving a balance between rigidity a1 
flexibility, he recalled a problem of design which he hi 
encountered some years ago in'a country about 8,0: 
miles away. He and his colleagues had first considers 
a case one of them knew of a town hall which had be 
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designed for uniform earth pressure. They had work: 
out the deflection corresponding to the very hi 
calculated bending moment of about 100 x 108 inch I] 
and it came to more than 6 in., so either the town hé 
must have cracked to pieces or else that high bendu 
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‘ Ne for the author’s view as to whether the results of plate- stress had néver developed ; he concluded that t 


bearing tests applied with a rigid steel plate would give 
any idea of what happened as compared with the results 
th that would be obtained from a heavy roller with rubber 
bet tyres, a road lorry or anything else of that sort. It had 
i always seemed to him that, when concerned with loads 
"if of that type, the results of plate-bearing tests made 
ah with a rigid steel plate were very risky, and he felt that 
a Mr. Capper had put down something of a herring. He 
had put the question but had not answered it, and 
iam Dr. Knight asked for his ideas on the matter because 
‘the stress distribution was very complex in a plate- 
Bay bearing test and it was difficult to simulate a rubber 
tyre. He (Dr. Knight) had very little use for the plate- 
testi bearing test as ordinarily carried out, for the reasons 
Pt he had stated, 


latter was the true explanation. 

So turning to their own problems they had consult 
all the vague soil mechanics data available at that tir 
and had considered the heterogeneous conditions of t 
sites on which they had to build, sites reckoned to ta 
only about three-quarters of a ton per sq. ft. They hi 
to provide a 15-storey building and a 12-storey buildir 
both carrying very heavy live loads, and the proble 
was to avoid a very extravagant design. The essent: 
information to be obtained from the soil mechani 
experts was contained in two load/settlement curve 
which were limiting curves for the site such as in Fig. 

Taking the case of a beam of the raft, he said that if: 
divided the load into two parts, the uniform gro 
pressure and the reactions which would occur, if 


ssumed it to be the beam of a reversed floor supporting 
pressure and calculated the reactions in the 
ume way as in the case of a continuous beam on level 
ipports (see Fig. 2 (a)), and if we subtracted those 
tactions from the column loads we should get a set of 
mces as at Fig. 2 (b), in which the forces due to the 
wvier inside column loads in this case tended to deflect 
= beam downasa whole. With the beam deflecting down, 
‘¢ had a variation in ground pressure, which was higher 
t the middle and less at the ends. The variation was 
regular, but if, however, we assumed that it varied in 
ecordance with a straight line law (see Fig. 3), we 
mplified matters very much indeed and we were not 
ery far out in the calculations, particularly if we 
rked between the limits of Fig. 1 ; and the interesting 
t was that if we designed a raft with an-appropriate 


Maximum 


ae permissible 
ve deflection. 
be: 

“s 

- 

.. 

.: 

of 


ibility, the bending moments, in spite of those very 
e limits, were not very: high. ; 

upposing we said that the raft for the building must 
of such flexibility that under the worst conditions 
‘ve load—which in the case under discussion would 
the heaviest live load concentrated over the soft 
nd assumed in the middle half and no live load over 
ard ground assumed over the outer quarters—the 
ding must not deflect more than #-in., which was 
reasonable for a length of 75 ft. to roo ft. to avoid 
cking. Then if gW (see Fig. 3), were the increase and 
ease over the uniform ground pressure and if y were 
eflection of the beam, and if we plotted y against ¢ 
he beam (see Fig. 4, line B), the gradient of the line 
d depend on the stiffness of the beam ; so that if 


id the deflection must not be greater than 3-in., and 
plotted g against W for the soil, i.e., plotted. the 
ation of pressure in the ground against the difference 
tlement of the ground (see Fig. 4, line S), then the 
-at which the two lines intersected would be the 
Itant deflection. Then all we had to do was to 
out the gradient of the line B which would pass 


lade the beam more flexible it would pass through ~ 
ame point P and simply increase in gradient. If. 


the point of intersection of the line S with a « 


aS 


horizontal line through the point Y = 2 in., and within 


the safe limits we obtained from the soil mechanics 
experts the building would take up no greater deflection 
than we had allowed, and therefore we should have 
effected that balance between flexibility and rigidity at 
which we aimed, and by providing maximum safe 
flexibility reduced the bending moments to a minimum. 


Mr. F. L. Casse~t (Member), after endorsing the 
expressions of appreciation made by previous speakers, 
said that in practice one very often came across results 
which did not fit easily the results we should expect 
from theory. As an example he referred to the deter- 
mination of the shear strength of fissured clays, a 
frequent task, particularly in the London area. The 
shear strength was required to determine the ultimate 
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Fig. 4 


bearing capacity and eventually the permissible load 
The outcome of triaxial compression tests should be» 
theoretically, in accordance with Fig. 6 in the paper: 
If the clay were relatively soft and plastic, that was 
usually the case, but if it were near or below the plastic 
limit the results were often different and perplexing. 


The apparent compression strength of a number of 
specimens from the same undisturbed core might be 
very erratic. Mr. Cassel illustrated that. 


To prove that this was not-due to an angle of shearing 
resistance, if such existed fortuitously, he said the same 
result would appear in such cases if all the tests were 
carried out at the same lateral pressure. 


The cause was not unknown. In stiff fissured clays’ 
the soil was permeated by a network of fissures which” 
became more pronounced when the soil dried out. 


If a large number of those fissures happened to be in. 
the direction of. the largest shear stresses or near to it, 
failure along the plane of rupture shown in Fig. 5 would 
occur prematurely, before the full shear strength of the 
material was developed. 


If the fissures were completely at random in the 
specimen, ‘of if by chance they were all horizontal, no’ 
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such effect would occur. Between those two extremes, 
every intermediate position and strength might therefore 
appear in the test. 


That that was so could be proved by completely re- 
moulding the samples without any change of water 
content. Then it would often become obvious that, 
contrary to the otherwise well-established rule that the 
shear strength of the re-moulded clay was less than that 
of the undisturbed sample, an increase of shear strength 
was found, as he had shown by the dotted lines on his 
sketches. 


So far the facts were indisputable. He was letting 
that skeleton out of the cupboard before somebody 
did so in order to use it as a stick with which to beat the 
soil mechanics boys, particularly as that had happened 
at a previous meeting of the Institution. 


The question arose : how should the results be inter- 
preted for the assessment of the bearing capacity of 
such soil? It was generally assumed that those fissures 
under a foundation, because of their random distribution 
in a large mass as opposed to a small test Spe did 
not affect the bearing capacity. 


If that were so, one would be justified in neglecting 
the lower values of shear strength and in basing the 
calculation on the stronger samples or the mean value 
of a number of them. He would not go so far as to 
tefer to the strength of the re-moulded samples. But 
he believed that the method of averaging the higher 
results, particularly in a soil so well-known as the 
London clay, was justified and that, if an error were 
committed, we should still be on the safe side. He 
would be grateful to learn whether Mr. Capper would 
find that method acceptable, or which other he would 
recommend. 

On the question of settlements, he said Mr. gore 
had written that settlement records were not difficult 
to obtain. His own experience, however, was different. 


Mr. Capper might mean that it was not difficult to make 


the observations ; but unfortunately very few people 
cared to make them, particularly to start them at the 


tight time, and therefore, particularly on smaller. 


projects, he found it very difficult to obtain such records. 
He had never been able to obtain a settlement record 
which started at the beginning of the building operation 
and continued for about ten years. 


Issuing a warning on the matter of site investigation, 
he said Mr. Capper had mentioned that that was usually 
entrusted to specialists, with good reason, as everybody 
who had studied the paper would agree. But Mr. Cassel 
urged that if a specialist were asked to do that work, his 
hands should not be unduly tied, as was the case 
only too often. Strict specifications were drawn 
up by Consulting Engineers and particularly by public 
authorities, telling the specialist exactly where he 
should take samples, what tests he should carry out 
and what he should not do, and all that without previous 
knowledge of what the conditions would be like. The 
result was very often that information which could be 
. obtained was not obtained, and not seldom that the 
costs became much higher than they should be. He 
remembered a public tender involving nine borings and 
in which not less than a hundred consolidation tests 
were specified, work which would occupy about a year 
in a moderately equipped laboratory. Two were actually 
carried out. He suggested that the specialist should 
be acquainted with the problem and should decide what 
information he required and how to obtain it, at any 
rate within limits. He agreed that there might be 
exceptions to that procedure, particularly where the 


engineer was something of a ‘specialist fumes 

that was certainly not the rule to-day. He felt 
Mr. Capper would not object to what he had said 
that matter. 


Mr. GOWER B. R. Primm (Past President) derived 
pleasure from the opportunity to add his meed of prais 
concerning Mr. Capper’s work, particularly because 
some four years ago, when he had presented a paper ¢ on 
soil mechanics Mr. Capper undertook the almost im 
possible task of proposing a vote of thanks, and he woul 
never cease to be grateful for the way Mr. Capper ha x 
proposed it. ; 


In Mr. Capper’s paper, at the bottom of the secon 
column on page 47, it was stated :— “a 


Pe! 
» “When comparing soils with other materials twe 
essential difficulties arise, namely, the lack of homo; 
geneity of natural soil, and the great variation of the 
properties of the soil with the water content. It maj 
be largely because of these two uncertain factors tha 
soil mechanics has for so long Jagged behind othe 
branches of engineering science. ae 
In the first column on page 48 it was stated :— 


‘“ Authorities on soil mechanics do not claim te 
provide a one-hundred-per-cent. correct answer t 
all our practical problems.”’ 


Mr. Pimm’s only complaint was that Mr. Cap 
whilst admitting the great difference between soil ar 
other materials and that there was not one-hundred 
per-cent. accuracy, did not say what we should | 
about it. | 


Referring again to the occasion on which he hat 
presented his own paper, he said he had described s 
mechanics as a I : 2 : 4 mixture—one part finely gro 
theory, two parts eyewash and four parts self- -deception 


Mr. Capper had ‘dealt in a brilliant way with the 
finely ground theory and had done a great deal to eo 


up the aggregate, but one wished he Set do a go 
deal more. 


On the same occasion a eaten a identity ne 
would not disclose, but to whom he would refer as 
“Mr, Johnson.’’—had said that before we applied tes} 
results to practice we must apply the “ Johnson co 
efficient of so-what-ness.’’ He had not meant a co) 
efficient in the literal sense, but there was an elemen) 
of truth in the suggestion that we wanted a co-efficien) 
of so-what-ness between laboratory results and thei 
application in practice. 

The works of the greatest authorities were full o 
warnings of the extent of variations that could occur ir 
soils, even in different specimens from the same sample 
and Mr. Pimm quoted two such warnings from Terzaghi’: 
James Forrest Lecture—‘ A New Chapter in Engineering 
Science ’’ (JOURNAL I.C.E. June, 1939). The first wa: 
illustrated by a test which Terzaghi made to ascertain 
the variation of moisture content in the London clay 
There was a variation from 18 to 35 per cent. in the 
moisture content at different parts of a sample which) 
before the test was made, had been considered uniform 


In the same lecture Terzaghi made the following mort 
general pronouncement on the same question. 


‘Due to the universal absence of homogeneity, the 
essential pre-requisite for selecting representati 
samples consists in securing complete data on the 
variation of at least one property of the soil along 
several vertical lines.’’ 


{ 
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There were reliable methods of obtaining an absolutel 
continuous record of that kind, thereby avoiding th 


icertainty of relying upon tests on samples taken at 
ttious intervals. 
‘In “Soil Mechanics in Engineering Practice,” by 
arzaghi and Peck, there were innumerable. warnings 
iat there is something lacking between the results of 
boratory tests, as usually carried out, and their 
yplication to design, and Mr. Pimm quoted two of 
rese :— 
_ (p. 242) ‘‘ If the test boring records indicate that 
a bed of clay contains partings of sand or silt, the 
engineer is commonly unable to find out whether or 
‘not these partings are continuous. In such cases the 
theory of consolidation can be used only for deter- 
| mining an upper and a lower limiting value for the 
tate of settlement. The real rate remains unknown 
-until it is observed.” 

(p. 306) ‘‘ Ifthe profile of the subsoil of a proposed 
structure is erratic, undisturbed sample borings and 
elaborate soil investigations are entirely out of place. 
| Information of far more practical value can be 
obtained by means of numerous sub-surface soundings 
supplemented by exploratory drill holes.’’ 


Mr. Pimm exhibited a slide which reinforced what 
fr. Cassel had said. It showed, by means of Mohr 
ircles, the results of a complete series of tests in the 
avestigation of a site by one of the leading firms of 
oil mechanics specialists. Mr. Capper had drawn only 
wo Mohr circles in any of his illustrations. What 
lappened if more were drawn? The slide threw 
ionsiderable light on this, and showed that in only 
ight out of the eighteen tests could anything approach- 
ng a common tangent be drawn. : 

_ Finally, Mr. Pimm expressed his complete agreement 
with Mr. Donovan Lee concerning Housel’s perimeter- 
hear theory, which had been sadly neglected, although 
wf great value. 

He hoped that on some future occasion Mr. Capper 
would tell us how to assess the probable accuracy of 
aboratory tests, and what we should do about it when 
t falls too far short of one-hundred-per-cent. 


ee 


Professor W. FISHER CassiE (Member) said that as 
1¢ had the privilege of collaborating frequently with 
Mir. Capper he would leave the posing of questions to 
ther members of the audience. He then supported 
ther speakers in their remarks on the usefulness of 
Housel’s perimeter-shear method and described an 
sxample which occurred in practice where this theory 
iad led to predictions which were confirmed by a full- 
scale test. . 


a 

Mr. D. J. Macrean, referring to the quotation of the 
marks of Terzaghi about the need in the further 
jevelopment of soil mechanics for effort to be concen- 
rated mainly on full-scale investigations, thought there 
Was a possible danger of misunderstanding Terzaghi’s 
‘emarks when considered out of their context. These 
emarks were made in 1948 at the Second International 
Sonference on Soil Mechanics and Foundation Engineer- 
ng, where many papers were highly theoretical and of 
ittle practical value. It was probable that Terzaghi 
loped, by making a strong plea for more full-scale 
work, to sway the future trend in soil mechanics research 
owards a better balance between theoretical and 
sractical work. 

Mr. Maclean did not think that practical site investi- 
gations dissociated from laboratory work were of any 
more value than laboratory investigations dissociated 
rom practice. What was needed was very careful 
sorrelation of the behaviour of soils in practice with 
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laboratory studies of their properties; without laboratory 


investigations it was not possible to interpret correctly 
what happened in practice. 


Commenting on a graph of the moisture distribution 
in ground which Mr. Gower Pimm had demonstrated to 
illustrate the irregular variation of moisture content 
with depth and therefore the little practical value of 
recognised soil mechanics tests, investigations showed 
that if instead the pore-water pressure of the soil was 
measured, a uniform relationship would have been 
obtained. The fact was that moisture content was one 
of the least significant measurements that could be 
made on soil. He thought therefore that the conclusion 
to be drawn was not that soil mechanics tests were of no- 
practical value but that further research was needed to. 
devise tests which have greater significance in inter- 
preting the practical behaviour of soils. 


Mr. Maclean wondered to what extent members of the 
Institution were concerned with building abroad, since 
no reference had been made to soils overseas. Engineers 
were often faced with considerable difficulties through 
the lack of knowledge of foreign soils, as for example in 
Africa, that usually differed considerably from those 
occurring in this country, and also through the very 
big effect of climate. For example, in South Africa - 
research was being conducted into the swelling of soils 
which caused serious damage to buildings. Much more 
knowledge was needed of foreign soils to assist engineers 
who were carrying out works overseas. 

A serious weakness in our present knowledge of the 
application of soil mechanics to the foundations of 
structures was the lack of practical verification of stress. 
distributions in the ground. The Road Research 
Laboratory was investigating this problem on a small 
scale but much more work was required on this problem. 

Mr. Maclean referred to the comment by Dr. Knight 
that he could not obtain a direct reply from the various. 
research institutions concerning the meaning of Young’s. 
modulus for soil. If, as he imagined, he included the 
Road Research Laboratory amongst those institutions. 
then it might be remarked that the values quoted in 
Dr. Knight’s book, ‘‘ Soil Mechanics for Civil Engineers,” 
ist Edition, pages 62 and 63, Tables 48, 49 and 50, that 
were obtained from measurements made at the Labora- 
tory several years ago, had been confirmed recently by 
resonant vibration measurements at audio frequencies. 
Such values applied only to very small strains and to 
the conditions of loading employed in the tests—they 
should never be used for static loading conditions. It 
was realised that Young’s modulus varied with the 
loading conditions, particularly with the rate of loading, 
and this problem was being studied in a number of 
laboratories including the Road Research Laboratory. 
For roads, measurements were being made of the waves 
of stress both in the soil sub-grade and in the road 
materials when vehicles travel along the road at various 
speeds. By combining these results with those of 
Young’s modulus at various rates of loading, it was. 
hoped that a comparison would be possible between the 
measured stress distribution and those computed by 


‘the various available elastic theories. It was of interest 


to record that Sven G. Bergstrom, of the Swedish 
Cement and Concrete Association, had shown that 
elastic theories applied to the case of a loaded concrete 
road structure. 

Finally, Mr. Maclean added his thanks to Mr. Capper 
for a very interesting and valuable paper. 


Mr. Capper replied to the discussion. 
On the Rankine and Bell theories, he suggested that 
Mr. Donovan Lee was perhaps under a slight mis- 
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to be smoothed out. 


apprehension. | 
regards the bearing pressure on foundations those 
theories were not in accordance with experimental 
results. When it came to lateral pressures on retaining 
walls it was quite a different story and the remarks 


which Mr. Donovan Lee had read from his book applied , 


quite well. 

With regard to the stress distribution, Boussinesq’s 
theory was based on the ideal condition of a concentrated 
load on the surface of a semi-infinite elastic solid. By 
integration we could get the effect of distributed load. 
It was not claimed that that gave the true stress distri- 


- bution, but in the present state of knowledge it was the 


best we could do ; experiments were proceeding and no 
doubt we should get something better in due course. 

Coming to Mr. Donovan Lee’s reference to the contact 
pressure distribution being a maximum at the edges on 
cohesive soil, he said it was correct that, as we took the 
footing down below ground level, the irregularity tended 
But he had also pointed out that, 
when it came to the pressure at considerable depth, for 
settlement purposes or in connection with the stability 
of the foundation as a whole, the pressure distribution 
mattered less than might appear at first sight. 

As to Housel’s perimeter-shear theory, he said that 
in the book by Terzaghi and Peck, the usual Housel 
formula, which was quoted in the paper, was estab- 
lished, but by a slightly different reasoning from that 
originally put forward by Housel himself. He was glad 
to have heard examples in confirmation of that theory. 

In regard to unconfined soil tests, he believed it had 
been the experience that the compression test tended 
to give low values. 

'He had nothing available concerning the work of 
Caquot, but he would try to look up something with 
regard to it. 

Dealing with Mr. King’s reference to the importance 
of the study of geology, he said he was absolutely with 
him and he had mentioned at the end of the paper that 
we wanted more information about the average soil 
properties to be expected from soils as classified according 
to the Code of Practice “ Site Investigations, Table I.” 
Some useful information was given by Mr. Nash by 
way of amplification on the question of the true angle 
of friction compared with the angle of shearing resistance 


“which we obtained ordinarily from the shear tests. 


Mr. Capper said he had endeavoured to explain it briefly 
in the paper, but it was rather difficult to do so ade- 
quately in the limited space. Incidentally, in a book 
written by Mr. Nash it was explained very clearly, again 
in quite a small space. 


Replying to Dr. Knight, he said he did not think that 
Young’s modulus of soil was of much direct use even 
if we could get it, because even in an ideal elastic medium, 
if we wanted the load/settlement relation, something 
much more complicated was required than the simple 
elastic modulus. But we did want the load/settlement 
relation as obtainable from suitable tests ; and we 
wanted a good deal more information about it because 
he believed there was a considerable scale effect in- 
volved, and that the load/settlement relation derived 
from the small scale test, even when the conditions were 
apparently the same, might differ considerably from 


‘that obtained on the large scale. 


As to the plate-bearing test and its application to 
runways, and the comparison with wheel loads, he did 
not think there was any direct comparison. But if the 
plate-bearing test were used to determine a kind of 
modulus for the soil, which could be properly co-related 
to the behaviour of a runway or an ordinary foundation, 


5 a eee E of great value ; } but it should not be : 
es directly. 


He had mentioned in the paper that as 


Some very interesting informatie. was Siren 
Professor Baker about his method of designing foot 
where the behaviour of the soil and the flexibility of t 
raft was taken into account. It rather indicated 
we wanted some more reliable methods of obtaini 
soil information data. He was interested in Professor 
Baker’s two curves showing an upper and a lower 
limit, for he felt that in work on soil, where there was so 
much variation, there were many problems in regard to 
which we must expect to work to such limits instead 
of an exact figure. 

The information given by Mr. Cassel on fissured clays 
was also very interesting. The answer, in the case of 
fissured clay, was that we had been accustomed to 
specimens for the ordinary unconfined and triaxial 
tests, shear boxes, and so on, which were too small, 
Many people, nowadays, however, were using 4 in, 
diameter triaxial specimens, and shear boxes 12 in, 
square had been used, and it was likely that we should 
have to get accustomed to much bigger apparatus i 
order to deal with-more representative samples. W 
must bear in mind that laboratory and plate-bearin 
tests, and so on, were model tests ; the use of models” 
had been developed very considerably in mechanical 
and hydraulic engineering, and the scale effects had 
been known, and we had similar effects to be considered 
in soils. There was room for great improvement i< 
that direction. ; 

He agreed with Mr. Cassel that every encouragement 
should be given to the taking of observations of settle= 
ment ; and, of course, if they were to be of any use they 
must be started at the right time. 

As to the conditions imposed by engineers on the soil 
specialists, he felt that the position would right tse 
when more engineers got to know the value of soil 
mechanics and appreciated what was required in site 
investigations ; they would then give the soil specialists, 
more freedom or, if they had to impose restrictions, | 
those restrictions would be more reasonable. 

Coming to the interesting suggestions made by, 
Mr. Gower Pimm, he agreed that all the theory and the) 
findings from laboratory work had to be applied in the) 
light of experience and common sense. We must, 
remember that soil mechanics was in its infancy as, 
compared with many other branches of engineering, and 
he did not think we could claim to know all the answers 
even in regard to reinforced concrete or any other 
engineering materials. 

After thanking Professor Fisher Cassie for having) 
given more examples of the usefulness of the Housel 
theory, Mr. Capper came to Mr. Maclean’s remarks in 
favour of correlation with laboratory studies, which 
served to emphasise the point made in the paper that) 
by the co-ordination of the work of the theorists and 
researchers and of the practical engineers and con- 
tractors in the field we should make progress. 

Finally, he said the remarks by Mr. Maclean on 
the swelling of soils, and its effects, were also of 
interest, for that factor was very important in 
some soils abroad. It was impossible, however, to) 
include reference to it in a paper of the Hing he had 
presented. 

Mr. Capper thanked the meeting for the manner in) 
which his paper had been received and for the interesting, 
discussion which had followed. 


At the conclusion of the meeting, the President 
expressed appreciation of the way in rue Mr. Capper 
had replied to the discussion. 


“ANNUAL GENERAL MEETING 

The Annual General Meeting of the Institution of 

tuctural Engineers was held at the Royal Technical 

illege, Glasgow, on Thursday, May 2ist, 1953, at 

90 -pm., Mr. EF. Granter, B.Sc.(Eng.), -M.1.C.E., 

1.Struct.E. (President), in the Chair. 

The Secretary (Major R. F. Maitland, O.B.E.), read 
notice convening the meeting. 

The minutes of the Annual General Meeting held on 

ay .22nd, 1952, as published in THE STRUCTURAL 

YGINEER, July, 1952, were taken as read and were 

mfirmed and signed. 

- Mr. A. H. Ley moved the adoption of the Sessional 

eport of the Council and the accounts for the financial 

sar, 1952. Mr. A. P. Mason (Past Chairman Midland 

junties Branch) seconded .the motion, which was 

tried unanimously. 

Mr. A. H. Robb (Past Chairman Yorkshire Branch) 

oposed the re-election of Messrs. James Meston & Co., 

vartered Accountants, as Auditors for the ensuing 

‘ar. Mr. Walter C. Andrews (Past President) séconded 

ie motion, which was carried unanimously. 

The Secretary then read the report of the Scrutineers 

1 the ballot for the election of President, the Honorary 

fficers,.and the ordinary members of Council for the 

Ssion 1953-54, as follows :— 

To the Council of the Institution of Structural 

ngineers : 

entlemen, 

We, the undersigned, report that at the request of the 

resident we have duly carried out the duties of Scru- 

neers of the Ballot for the election of Honorary Officers 

id Council for the Session 1953-1954, and we report 

cordingly as follows : 

We received 732 Ballot Papers of which we rejected 

) as wholly spoiled and 28 as partly spoiled. We have 

tached a separate sheet showing the number of votes 

ceived by each candidate. 

We declare the result of the Ballot to be as follows :— 


3 ELECTED 

tent : Lt.-Col. R. F. Galbraith, RE., M.C., 

~ B.Sc.(Eng.), A.M.LC.E. 

ice-Presidents : Dr:-S; B. Hamilton, M.Sc., Ph.D., 
A aR eon MC. - 

Mr. S. Vaughan, B.Sc., 
AC.G.L . 
Mr. J. Guthrie Brown, M.1.C.E. 
Professor A. G. Pugsley, O.B.E., 


M.LC.E., 


D.Sc.,(Eng:), PeR.Sy M1 Cares 
F.R.Ae:S, 

Professor A. L. L. Baker, B.Sc.(Tech.), 
M.I.C.E. 


Mr. G. S. McDonald, M.1.C.E. 

n Beck * Mr. L. E. Kent, B.Sc.(Eng.), M.I.C.E. 

. Secretary : Mr. J. Singleton- -Green, M.Sc., 

: “AMLCE., A.M.I.Mech.E. 

‘on. on Librarian ; Mr. Wallace A. Evans. 

‘on. Editor : Mr. W. H. Woodcock, F.C.S. 

on. Curator : Mr. F. R. Bullen, B.Sc.(Eng.), M.LC.E. 


The above are all elected for one year. 


ECTED AS ORDINARY MEMBERS OF COUNCIL 
; (LONDON) 

D. H. New, B.Sc.(Eng.), A.C.G.L, D.LC., M.LCE., 
_M.1.Mech.E. 
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and Proceedings 


Mr. John Mason, B.A.(Cantab.), A.M.I.C.E. 
Mr. T. Bedford, M.I.C.E., M.I.Mech.E. 


The above are elected for thine years. 


ELECTED AS ORDINARY MEMBER OF > COUNCIL 
(COUNTRY) 
Mr. A. P. Mason; B.Sc., M.I.C.E. 


The above is elected for three years. 


ELECTED AS ASSOCIATE-MEMBER OF COUNCIL 
; (LONDON) 
Mr. D. T. Williams. 


The above is elected for three years. 


ELECTED AS ASSOCIATE-MEMBER OF COUNCIL 
(COUNTRY) 
Mr. H. V. Hill, M.Sc., A.M.I.C.E., M.Inst.W. 
The above is elected for three years. 
We are, Gentlemen, 
- Yours faithfully, 
(signed) H. BROMPTON 
Dic SELEY>s1A2Cor 
S. M. REISSER 
C. B. BROWN 
(Scrutineers), ”” 
On a motion. by the President, a vote of thanks was 
unanimously passed to the scrutineers. 


ORDINARY GENERAL MEETING 

An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, May 28th, 1953, at 
5-2 pans, => Mr... SGranter,s) B.se;(Eng.)7 oa Reb 
M.1.Struct.E. (President), in the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that the 
elections as tabulated below should be referred to when 
consulting the Year Book for evidence of membership ? 


STUDENTS 
BENFORD, Edward John, of Birmingham, 
SmiTH, Maven, of Manchester. 
Warp, Ralph Northern, of Bulawayo, Southern Rhodesia 


GRADUATES 

Axppas, Abdel Moneim, of London. 
BEESON, Alan Spencer, of Isleworth, Middlesex. 
Bowman, Charles William, A.M.I.C.E., of pane 
BULLOCK, Leslie, A.M.I.C.E., of London. 
Buxton, Leslie Gordon, of N ottingham. 
Coccon, Harry Douglas, B.Sc.(Eng.) London, of Derby. 
CROKER, Arnold Meyrick, of Twickenham, Middlesex. 
CRONIN, Denis Paschal, B.E. Cork, of Cork, Ireland. 
Dickson, James, of Burton-on-Trent, Staffs. 
Doorty, Dermot Kieran, of London. 
Eaton, Peter Harrington, D.F.M., of Leicester. 
ELDRIDGE, James Gordon, B.Sc.(Eng.), A.M.I.C.E. 

London, of Tunbridge Wells, Kent. 
Garrity, Albert Francis, of Stockport, Cheshire. 
GOODIER, Roger Ewart, of Preston, Lancs. 
GouLD, Ian Robertson, of Hale, Cheshire. 
Homes, Geoffrey, of Gildersome, nr. Leeds. 
JosHIRAO, Chintaman Moreshwar, of Poona, India. 
KaFAROWSKI, Zygmunt, B.Sc.(Eng.) London, A.C.G.L, 

of London. 
Kapka, Jerzy, of London. 


1Q_ 


Karnik, Arvind _ Vasant, 
Birmingham. 

Kuan, Rao Abdul Hanieed. of Bombay, India. 

Kou BENG SWEE, of Singapore. 

KOMORNICKI, Wladyslaw Stanislaw, of London. 

KWIECINSKI, Franciszek, of London. 

Lerol, Jules Anne, of Christchurch, New Zealand. 

Morcan, Albert Edward, of St. Helens, Lancs. 

_~Movwro, John, B.Sc.(Civil) Glasgow, of Beckenham, 
Kent. 

NARAYANA, K. Yogna, of Madras, India. 

O’CALLAGHAN, John Francis, B.E., N.U.I., of Dublin. 

PATWARDHAN, Sadashiv Vasudeo, B.E. (Civil) Bombay, 
of Ratnagiri, India. 

PEATFIELD, Derek Edward, of Welling, Kent. 

RAMSDEN, Jack Kenneth, of Leeds. 

RoiFE, John Millar, B.Sc.(Civil) Cape Town, of Que Que, 
Southern Rhodesia. 

SALMON, Norman Derek, B.Sc.(Civil) Rand, of Pretoria, 
South Africa. 

SLEE, John Penry, B.Sc(Eng.) London, of London. 

SmiTH, Ronald Walter, of Newcastle-upon-Tyne. 

STERN, Walter Mortiz, B.Sc.(Eng.) Rand, of Pretoria, 
South Africa. 

TREICHEL, Jan, of London. 

TREZISE, Bernard, of Bristol. 

VIELROSE, Witold Leon Ryszard, of London. 


B.E.(Civil) Bombay, of 


ASSOCIATE-MEMBERS 


ALTERMAN, Israel, of Tel-Aviv, Israel. 

ARMSTRONG, George Herbert, of Edinburgh. 

Asz, Leon, of Salisbury, Southern Rhodesia. 

ATKINS, George. Frederick, of Surbiton, Surrey. 

BAIRD, James, of Glasgow. 

BELCHER, Charles Duncan, of Hampton Hill, Middlesex. 

BoxALL, Charles Alfred, of Morden, Surrey. 

Cawoop, Peter Ireland, of Durban, South Africa. 

CHANDRANGSU, Sirilakn, D.I.C. London, of London. 

DERRINGTON, John Anthony, B.Sc.(Eng.) London, 
A.M.I.C.E., of Twickenham, Middlesex. 

Dutton, Charles Norman, of Morden, Surrey. 

Evans, George Harold, B.Sc.(Eng.) London, of Berk- 
hamsted, Herts. 

FIELD, James, B.Sc.(Eng.) London, of London. 

GaMSE, Joel David Harold, B.Sc.(Eng.) London, D.I.C., 
of Edgware, Middlesex. 

GLAzE, Albert Gordon, B.Sc.(Tech.) Manchester, of 
London. 

GRAY, Robert, of Burgess Hill, Sussex. 

GubDGEON, Donald Keith, of Bromley, Kent. 

Haynes, Alan, M.A.Cantab., A.M.I.C.E., of Tamale, 
Gold Coast, British West Africa. 

Jaap, John Hunter, of Durban, South Africa. 

KANVINDE, Sitakant Shantaram, B.E.(Civil) Bombay, 
of Bombay, India. 

LEwkowicz, Janusz Jozef, A.M.I.C.E., of London. 

MaunpDe_ER, Augustine Hamilton, B.Sc. New Zealand, of 
Wellington, New Zealand. 

Newton, David Wilson, A.F.C., 
South Africa. 

OLiveR, Carl Richard, of Darlington, Co. Durham. 

PECKHAM, Donald, of South Ruislip, Middlesex. 

Pomeroy, Albert Frederick, of London. 

RosENAK, Sidney, B.Sc.(Eng.) London, of London. 

ScHou, Jorgen Arthur Kjeld, of Nairobi, Kenya. 

SRINIVASAN, Kilnagar Vedachala Iyer, of Madras, India. 

Stott, Harold Welch. B.Sc.(Eng.) London, of London. 

SZCZERBANIEWICZ-STEPHENS, Stanislaw Jozef Michal, of 
Enfield, Middlesex. 

SZPILEWIcz, Jan, of London. 


of Johannesburg, 


|The Si riz 


Mnecke, os 
Mats, Colonel Alan Raymond, O.B.E., gts 2) DL, 
London, 
PEARCE-PERcy, Thomas Walker, of Melbourne: At : 
tralia. 
WELLISCH, Walter, of Durban, South Africa. 


TRANSFERS 
Students to Graduates 

ABRAHAMS, Frank Dudley, of Birmmgham. 
AGER, John Stanley, of London. 
ALLANSON, Brian Melvyn, of Bolton, Lancs. 
AstILL, Alan Walter, of Nottingham. 
BAKALA, Eugeniusz, of London. 
BENG WEE Gr1apP, of Singapore. ; 
BEZUIDENHOUT, Willem Jacobus, of Germiston, South 

Africa. : 
Botinc, Henk, of Bloemfontein, O.F.S., South Africa. 
Brown, Geoffrey Hewitt, of Winsford, Cheshire. 
Cuan WENG Cui, of Singapore. 
CLARK, Peter Jerome, of Birmingham. 
COXHEAD, Peter Leonard, of Beckenham, Kent. s 
Cracc, Wilfred Shipham, of Mowbray, Cape, South 

Africa. y 
Dain_Es, Alfred Lionel, of Carlisle, Cumberland. 
Foy, Eric John, of Johannesburg, South Africa. 
Homer, Albert Leslie, of Bromsgrove, Worcs. 
Knott, Stanley William, of Manchester. 
KyctiA, Serafin, of London. 
sear Bernard Trevor, of Isleworth, Middlesex. 


a 


Damani yenate Douglas, of Coulsdon, Surrey. 

RAWNSLEY, Peter Michael, of Bradford, Yorks. 

ReapDER, David, of London. 

REFFITT, Peter, of Harrogate, Yorks. 

SHERLOCK, William Albert, of Cardiff. 

STANLEY, Brian William, of Stockton Heath, 
Warrington, Lancs. ’ 

STONE, Geoffrey Jones, of Trowbridge, Wilts. . 

TaAYLor, Phillip Austin, of London. 

ToncE, Brian Yardley, of Bolton, Lancs. 

Witson, Russell, of Berea, Johannesburg, South sri 

WricHT, Frank, of Milford, nr. Derby. A 


‘| 
am 
Crldades to Associate-Members “ 
ArD, Donald Leonard, of Weymouth. 
ARMSTRONG, John Bry an, of West Hartlepool, : 
Durham. 
AUSDEN, Alistair Charles, of Bushey, Herts. 
AusTIN, Michael, of Rickmansworth, Herts. 
BaGuLEY, Maurice Grant, of Bexleyheath, Kent. 
BAKER, Alexander John, of London. 
BakeER, Gordon Arthur Henry, of London. 
BANFIELD, Arthur Reading, of London. 
BircH, Norman, of Salford, Lancs. 
Bray, William Albert, of Stoke-on-Trent. 
BRILL, Herbert, B.Sc.(Eng.) London, of London. 
Brooke, Jack, of London. 
BurGE, Stuart, of London. 
CHENHALL, Raymond Leslie, of Bristol. 
COLLINS, Peter Courtney, of Saltdean, Sussex. 
COLQUHOUN, William Alexander Smart, of Larkhall 
Lanarkshire. 
DANAHER, Martin Denis, B.E.(Civil)) New Zealand, ¢ 
Wellington, New Zealand. 
Dayipson, Ronald Frank, of Manchester. 
Dunn, Allan George, of Coulsdon, Surrey. 
Easton, Edgar, of London. 
Gravy, Jack, of Harrow, Middlesex. 
GREEN, Edward Ellis, of Thorpe, Norwich. 
HAL, Kenneth James, of London. 


MER, cea of Oldham, Tas 
RVEY, Peter Lawrence, of London. - 

PPLEWHITE, Eric Anthony, B.Sc.(Eng.) London, of 
-ondon. 

sGINSON, Leonard, of East Kirkby, Notts. 
IDGKINSON, Arthur, 
Manchester. 
IRRIDGE, James Frederick, of Bolton, Lancs. 
IMPHREYS, Robert, of Middlesbrough, Yorks. 

Acs, Basil, B.Sc.(Eng.) Rand, of London. 

[ARKAR, Meghashyam Shantaram, A.R.I.B.A., of 
Dadar, Bombay, India. 

YSDALL, Kenneth Charles, of London. 

VESEY, Keith Haydn, M. Sc. (Civil) Leeds, B.Sc.(Hons.), 
xf Bo’ness, West Lothian, Scotland. 

LIN, Sydney, of Johannesburg, South Africa. 
swTON, Christopher John Broughton, of Thornton 
Heath, Surrey. 

CHOLSON, Thomas Hedley, B.Sc.(Civil) Durham, of 
Newcastle upon Tyne. 

TES, Ronald, of Bridlington, Yorks. 

Meara, Brian Patrick, of Brighton, Sussex. 

\RISH, Jack Leonard James, of London. 

ixton, Ian Hamilton, M.A.Cantab., of Leeds, Yorks. 
RTER, Arthur James, B.Sc.(Tech.) Manchester, of 
Prestwich, Manchester. 

cE, Selwyn Lionel, B.Sc.(Civil) Rand, of Pretoria, 
South Africa. 

XTHWELL, Leslie Herbert, of Eccles, Nr. Manchester. 
JSSON, Robert George, of St. Pauls Cray, Kent. 

[(AIKH, Mohammad Abdul Wahab, B.Sc., B.E.(Civil) 
Bombay, of Karachi, Pakistan. 

NGH, Jattan, of Gorakhpur, India. 

OWIKOWSKI, Leszek, B.A., of London. 

EPHEN, Lawrence Ian, of London. 

EWART, James Campbell, B.Sc.(Civil) Glasgow, of 
Glasgow. 

\RAPOREWALLA, Jalejer Jehangir, B.E. (Civil) Bombay, 
of Bombay, India. 

\YLOR, James Edward (Jnr.), of Birmingham. 
sMPLE, Allan, of Middlesbrough, Yorks. 

{ORNTON, Paul Rosslyn, of London. 

AO HsieN Hwa, of Singapore. 

ESTALL, John Butterworth, B.Sc.(Tech.) Manchester, 
of Manchester. . 

ILLIAMS, Harry, A.M.I. ‘s E., of Timperley, Cheshire. 
00DS, Malcolm Derek, of Salford, Lancs. 
OOLNOUGH, Edwin Arthur, B.Sc. (Tech.) Manchester, 
of Kenton, Harrow, Middlesex, 

= Associate-Members to Members 

LL, Frank Victor Moore, M.Eng. Liverpool, M.I.C.E., 
of Llandarcy, Neath, Glamorgan. 

JMBLETON, Winston Philip, of London. 

ANE, Thomas, of Baillieston, Lanarkshire. 

\TTHEWS, Denis Dearman, M.A. Oxon., D.Eng., 
M.Sc.(Eng.) London, A.M.LC. Beno; Manchester. 

: Members to Retired Members 

LER,- Frederick Arthur Leslie, L.R.I.B.A., of Bem- 
bridge, Isle of Wight. 

AMPTON, Major Matthew Sommerville, of Waltham 
Chase, nr. Southampton. 


OBITUARY 


The Council regrets to announce the death of The 
ev. FRANK Hay GILLINGHAM (Honorary Associate), 
[ARLES SEVER BELL, JAMES CLEMENT HUGHES, JOHN 
YD Lawson, Joun Duncan MacLeop, RAPHAEL 
IGENE TROCME, SiR Ness WapiA, GUTHLAC WILSON, 


Pe ears, > 


B.Sc.(Tech.), Manchester, of © 
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CHARLIE ROLAND Woops (Members) ; Stewart McIn- 
TYRE, GEORGE MaLttTBy, ARTHUR EDWARD WILLIAMS 
(Retired Members) ; CHARLES AuGustus Ropes EsLick 
(Associate), 


EXAMINATIONS—JULY, 1953 
The Examinations of the Institution will next be held 
at Centres in the United Kingdom and overseas on 
July 14th and 15th (Graduateship), and July 16th and 
17th (Associate Membership). 


REPRESENTATION 


The Council has made the following nominations of 
members to represent the Institution :— 


MINISTRY OF EDUCATION—Joint Committee on National 
Certificate and Diplomas in Building 
Lt.-Col. G. W, Kirkland, M.B.E. (Member of Council) 
Ministry OF WorkKs—Building Apprenticeship Training 
Council 
Rie Do AS Gnerd. 
appointment. 


(Associate-Member)—re- 


CODES OF PRACTICE COMMITTEES 


The Council has approved the formation of the follow- 
ing Code Drafting Committees :— 


SUB-COMMITTEE G—PRESTRESSED CONCRETE 
CONSTITUTION 
Nominated by 

Department of Scientific and 

(Chairman) Industrial Research 
Dr. P. W. Abeles Institution of Structural Engineers 
Prof; AL, Bakers . % ; 
Mr. =] Cuerel Reinforced Concrete Association 
Mr. P. Cutbush British Standards Institution 
Prof. R. H. Evans Institution of Civil Engineers 
Mr. W. A. Evans _ Institution of Structural Engineers 
Dr. Oscar Faber 
L. Felgate 


Dr. F. G. Thomas 


F, Royal Institute of British Archi- 
tects 

Mr. C. W. Glover Institution of Structural Engineers 
G. J. Gumersall London County Council 

Dr. K. Hajnal-Konyi Institution of Structural Engineers 
Mr. A. J. Harris Institution of Structural Engineers 
Mr. A. D. Holland Ministry of Transport 

Mr. Donovan Lee _ Institution of Structural Engineers 
Mr. A. S. Meanley Institution of Municipal Engineers 
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EXAMINATIONS 
PREPARATION FOR THE EXAMINATIONS OF THE INSTITU- 
TION BY ATTENDANCE AT TECHNICAL COLLEGES 
A candidate for Graduateship or Associate-Member- 
ship may be able to attend a technical college ; these 
notes are intended to guide him in choosing the most 
suitable instruction. 


PREPARATION FOR THE GRADUATESHIP EXAMINATION 
Technical Colleges offer : 
(a) Full-time courses for degrees of Higher National 


Diplomas in Building or Engineering. 


(b) Part-time day or evening courses for Higher 
National Certificates in Building or Engineering. 

If he obtains a Higher National Certificate or Diploma 
complying with Appendix II, Section V, of the Regula- 
tions Governing Admission to Membership, the candidate 
will be exempted from the Graduateship Examination. 

Alternatively, he may study subjects selected from 
the available courses and sit the Graduateship Examina- 
tion. At technical colleges courses are usually available 
in Building Science or Engineering Science, Strength of 
Materials, Theory of Structures and Surveying, but 
students are not normally allowed to select subjects from 
National Diploma or Certificate courses unless they can 
show evidence of sound training in more elementary 
studies. The advice of the College Authorities should 
be followed.’ 


PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 


At some technical colleges there are part-time courses 


_ in Structural Engineering which cover the syllabus of the 


Associate-Membership Examination. At other colleges 
the candidate must rely on Higher National Certificate 
courses or on advanced courses in Building, Civil En- 
gineering or Municipal Engineering ; these cover only 
part of the requirements.for the Associate-Membership 


_Examination.’ 


Colleges in List “A” provide at least two years of 
instruction in Theory of Structures and in Structural 
Engineering Design and Drawing up to Associate- 
Membership standard. They also give instruction in 
Structural Specifications, Quantities and Estimates. 


rst A 


Belfast College of Technology. 

Birmingham College of Technology. 

Bolton Municipal Technical College. 

Bradford Technical College. 

Bridgend Technical College. 

Chesterfield College of Technology. 

Derby Technical College. 

Dudley and Staffordshire Technical College. 

Glasgow Royal Technical College. 

City of Liverpool College of Building. 

L.C.C. Brixton School of Building, S.W.4. 

L.C.C.- Hammersmith School of Building and Arts 
and Crafts, W.12. 


Institution of Structural Engineers. 


_ to interview candidates, if found necessary. 


Mid lseeouet- “Constantine Technical Cellegae 3 
Salford, Royal Technical College. 
South-West Essex Technical College, Walthamsta 
a ca ty oa ; 
Stockport College for Further Education. 
Twickenham’ Technical College. - 
Willesden Technical College, N.W.10. 


Colleges in List “ B”’ provide instruction in Theor 
of Structures from which the student may reach Asso- 
ciate-Membership standard, but instruction in Structural 
Engineering Design and Drawing and in Struc 
Specifications, Quantities and Estimates is not usu 
so complete. 


iste. 


Brighton Technical College. 

Cardiff Technical College. 

Edinburgh, Heriot-Watt College. 

Huddersfield Technical College. 

Leeds College of Technology. 

London, Battersea Polytechnic, S.W.11. 

London, Northampton Polytechnic, E.C.1. 

L.C.C. Westminster Technical College, S.W.1. 

Plymouth and Devonport Technical College. 

Preston, Herris Institute. 

Wigan Mining and Technical College. 

Woolwich Polytechnic, S.E.18. x 

Students are advised to take the organised courses if 
Structural Engineering where these are available. — 


YEAR BOOK AND LIST OF MEMBERS 


The Year Book and List of Members for 1953 will go & 
press in July, for publication in October, when a cop) 
will be sent to all members. 4 

Members are requested to inform the Secretary of am 
alterations in titles, degrees or addresses, which have n 0 
already been notified, by July 13th, in order that sue 
amendments may be included in the new edition. | 


DRURY MEDAL AWARD 


The fourth competition for the above award will tald 
place in 1953. The subject is the design of the structur 
of a new factory building. The material of constructio 
is entirely at the choice of the competitor. The com 
tition has been designed to encourage ingenuity « ’ 
structural arrangement. Economy i in the use of steel 
an important feature of this year’s competition. : 

Graduates and Students of the Institution who wis) 
to compete are invited to apply for full details to th 
Secretary | envelopes to be marked in the top left- han| 
corner, ‘ Drury Medal Award.” 

The closing date for the competition is October Ist 
1953- 

The general conditions of the competition are a 
follows :— 


1. The competition shall be for Graduates an) 
Students of the Institution of not more than 25 = 
of age. 

2. The subject of the aoe shall bea design € 


a structural character, that is to say primarily structure 
design, not planning. 

3. The subject of design and conditions shall b 
prepared and issued biennially by a group of five mem 
bers appointed by the Council. RS 


4. The Literature Committee shall appoint a Jury ¢ 
not less than five to examine the works submitted an, 


5. In order to show that the work submitted is solely 
e work of the competitor, the documents submitted 
all be countersigned by a corporate member of the 
stitution or, failing this, shall be accompanied by a 
claration on a prescribed form signed by the candidate 
‘the presence of a Justice of the Peace or a Commis- 
mer for Oaths. 


MACLACHLAN LECTURE COMPETITION 


The closing date for the receipt of entries for the 
acLachlan Lecture Competition is Wednesday, March 
ist, 1954. Particulars of the competition are as 
llows : 


1. The Institution of Structural Engineers shall 
stitute a written lecture to be known as the MacLachlan 
ecture, and to be held annually. 


2. The subject of the Lecture may be on any aspect of 
tructural Engineering as long as in every second year 
1e subject shall be confined to steel structures. 


3. Entrance into the competition for the Lecture 
iall be confined to Associate Members of the Institution, 
tho are under the age of 32 years. 


4. All papers entered for the competition shall be 
ibmitted to assessors to be appointed by the Council 
f the Institution, and all such papers (including the 
rize-winning Lecture) shall be available for publication 
1 the Journal of the Institution at the discretion of the 
ouncil,. 

5. No paper submitted shall have been published or 
ead elsewhere. 


6. The winner of the competition shall be required to 
resent the Lecture to a meeting of the Institution at 
yhich he will be presented with the sum of £17 Ios. 


7. Should a competitor’s paper be considered worthy 
f ranking second in merit he will receive a consolation 
ward of £5. 


8. In the event of there being no winner of the compe- 
ition in any one or more years, whether because no 
scture submitted is considered to be of sufficient merit 
0 warrant award, or for any other reason, the Institution 
hall transfer the above sums to the Research Fund of 
he Institution. 


YARTICULARS OF THE COMPETITION FOR 1954 


I. The MacLachlan Lecture will be given at a meeting 
f the Institution to be arranged towards the end of 1954. 


2. The subject of the Lecture shall be on any aspect 
f structural engineering. 


3. The work should be submitted as the script of a 
ecture which the author, if successful in the compe- 
ition, will deliver before an audience in the course of 
bout one hour. The development of mathematical 
ormulze and detailed calculations should be avoided 
s far as possible in the text ; if they are essential they 
hould be embodied in appendices. Photographs, 
lrawings, graphs, etc., which would appear as illustra- 
ions to the lecture in published form, should accompany 
he script. If additional illustrations would be shown 
s slides, a list of these should be included. 

4. Six copies of each Lecture should be submitted and 
hould be addressed to the Secretary of the Institution. 
5. The closing date for the receipt of entries by the 
nstitution is Wednesday, March 31st, 1954. 


RESEARCH AWARDS 


The Council has instituted a Research Prize Fund, 
Tom which awards may be made annually to the author 


b 
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or joint authors of papers describing original research 
which they have carried out. Research awards may be 
made for papers read at Headquarters or in the Branches 
and published in the Journal, or for papers published in 
the Journal only without being read at an open meeting. 

The assessment for such awards will be made annually, 
but awards will be made only to the contributors of such 
papers as reach a standard judged by the Literature 
Committee to be satisfactory. 

Work submitted under this scheme must be original 
and may include any of the following :— 


(a) investigations of an experimental or analytical 
character ; 


(b) studies of historical or statistical records ; 


(c) improvements in principles or methods of con- 
struction ; 


(d) research into methods of structural engineering 
and building, the nature and use of plant and the 
organisation of engineering work ; 


(e) any related or combined studies which are deemed 
by the Literature Committee to be of a research 
character. 


In cases where the research work described in the 
paper was not the work of one individual, the names of 
all the collaborators should be given in the paper. 

Awards may take any or all of the following forms :— 
A research medal ; a diploma ; a money prize. 

Application for consideration for a research award 
must be made to the Secretary of the Institution, and in 
preparing papers for reproduction in the Journal, 
authors must comply with the conditions laid down 
for all such contributions. Particulars of these con- 
ditions may be obtained from the Secretary. 

In judging research papers, the following factors will 
be considered :— 


(a) the nature of the subject and its conclusions ; 


(b) the value of the paper in advancing the science 
and art of structural engineering ; 


(c) the standard of preparation and orderly arrange- 
ment of the subject-matter. 


Research papers will also be eligible for adjudication 
for the Institution Medals if they comply with the 
Regulations governing those awards. 

The closing date for the receipt of applications in 
respect of papers published in the Journal between 
October, 1952, and September, 1953, is October Ist, 1953. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


A visit has been arranged to London Airport on 
Saturday, August 15th, and will include a tour of the 
various hangars, tunnels and runways in the course of 
erection. A coach will leave 11, Upper Belgrave Street, 
S.W.1, at 9 a.m., returning to Paddington at 1 p.m. 
The fare will be 6s. 6d., and as seats are limited, members 
wishing to take part in the visit are requested to com- 
municate as soon as possible with the Honorary Secre- 
tary, who will book places upon receipt of the fare. 

Hon. Secretary : J. F. S. Pryke, B.A.(Hons.), Bush- 
croft, Slipe Lane, Wormley, Herts. 


BRANCH NOTICES 


LANCASHIRE AND CHESHIRE BRANCH 
Hon, Secretary: A. S, Sinclair, A.M.I.Struct.E., 
17, The Circuit, Cheadle Hulme, Cheshire. 


MIDLAND COUNTIES BRANCH 


Hon, Secretary : L. A. Firminger, A.M.1.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 
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MIDLAND COUNTIES BRANCH—GRADUATES’ AND 
STUDENTS’ SECTION 
Hon. Secretary : F. G. Fletcher, 60, Brean Avenue, 
South Yardley, Birmingham, 26. 


NORTHERN COUNTIES BRANCH 


Hon. Secretary: OQ. Lithgow, A.M.LStruct.E., 4; 
Stonleigh Avenue, Acklam, Middlesbrough. 


NORTHERN IRELAND BRANCH 


Hon. Secretary : S. G. Duckworth, M.1I.Struct.E., 
“ Lisleen,’’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH 


Hon. Secretary: G. Drysdale, AMT Struct... 
“ Niaroo,” 33, Union Street, Motherwell, Lanarkshire. 


SOUTH-WESTERN COUNTIES BRANCH 

Hon. Secretary : E. W. Howells, M.1.Struct.E., c/o 

Messrs. T. L. Harding & Sons, Ltd., 10-12, Market 
Street, Torquay, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 


Hon. Secretary: G. R. - Brueton, A.M.LC.E., 
A.M.L.Struct.E., 2, Celtic Road, Gabalfa, Cardiff. 


WESTERN COUNTIES BRANCH 


Hon. Secretary: E. Hughes, A.M.1.Struct.E., 23, 
Southdown Road, Westbury-on-Trym, Bristol, 9. 


YORKSHIRE BRANCH 


Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.LC.E., 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted in the City En- 
gineer’s Department, Town Hall, Johannesburg. ‘Phone; 
34-1111 Ext. 257. 

Natal Section, Hon. Secretary : 
A.M.1.Struct.E., c/o Reinforcing Steel Co., 
Box 49, Merebank, Durban. 

Cape Section Hon. Secretary : R. Stubbs, M.I.Struct.E., 
P.O, Box 1692, Cape Town. 


E. G. Bennett, 
Ine, IO): 


ADDITIONS - TO] THE, LIBRARY 


ABELES, P. W. Principles and Practice of Prestressed 
Concrete, Vol. 1, 2nd Edition, Revised. London, 1952. 

American Society of Civil Engineers Manuals of Engineer- 
ing Practice, No. 31. Design of Cylindrical Concrete 
Shell Roofs. New York, 1952. Presented by Dr. F. G. 
Thomas. 

American S.T.M. 1952 Book of Standards, Pt. 1. Ferrous 
Metals, Pt. 2. Non-Ferrous Metals, Pt. 4. Paint, 
Naval Stores, Wood, Fire Tests, Sandwich Constructions, 
Building Constructions. Baltimore, U.S.A., 1952 and 
1953: 

Annual Report of the Smithsonian Institution, 1951. 
Washington, 1952. 

British Constructional Steelwork Association Publication 
No. 6. The Use of Welding in Steel Building Struc- 
tures. London, 1952. Presented by the Publishers. 

British Engine Boiler & Electrical Insurance Co., Ltd. 
Technical Report, New Series, Vol. 1, 1952. Manchester. 


The Structural Engine 


British Iron and Steel Institute Special Report No. 4 
Surface Defects in Ingots and their Products (Recom 
mended Definitions). London. 1951. 

Convegno Sulla Difesa Del Suolo E Sistemazioni Fluvial 
e Montane, 1952. (Conference on Soil Conservati 
and the Alluvial Settlement and Mountains). Rome, 
1952. Presented by the Publishers. 

Dorman, Lone & Co. Handbook for Constructional 
Engineers. Middlesbrough, 1952. 

FABER, Oscar. Simple Examples of Reinforced Concer 
Design, 4th Edition. London, 1952. Presented by 
Mr. C. H. Hockley. 

F.B.I. Register of British Manufacturers, 1952-53, 2 
Edition, London, 1952. 

FLEMING Bros. (Structural Engineers), Ltd. Pocket 
Section Book, 8th Edition. Glasgow and London, 19 

FRASER, J. M. The Work of the Singapore Improveme 
Trust, 1951. Singapore, 1952. Presented by the 
Publishers. 

Futter, W. H. How to Draw Perspectives to Scale 
London, 1952. Presented by Mr. P. E. Sleight. 

GOLDING, E. W., and GREEN, H. G. Elementary Practical 
Mathematics, Book I (First Year). London, 1947. 
2nd Edition. 7 

GuERRIN, A. and Danrget, G. Le calcul des tuyaux em 
beton arme et non arme. Paris, 1952. Presented by 
Mr B) Ine Gerard. 

Havasz, R. von. Anschauliche Verfahren zur Berechnum 
von Durchlaufbalken und Rahmen. Berlin, 1951 
Presented by Dr. K. Hajnal-Konyi. 

Harasz, R. von (Editor) Holzbau-Taschenbuch, 4th 


Edition. Berlin, 1952. 
Hunter, L. E. Underpinning and Strengthening of 
Structures. London, 1952. Presented by Mr. A. T, 


Wadi Williams. 
Imperial Chemical Industries Codes and Regulations 
Group D, Vol. 1. 3. Fire Prevention. London, 1952 
Presented by the Publishers. 
Institute of Physics Memorandum on Gamma-Ray sal 
of Radiography. London, 1952. 
KLEINLOGEL, A. Rigid Frame Formulas. New York 
1952. Presented by Professor J. A. L. Matheson. _ 
MINIKIN, R. R. Coast Evosion and Protection : Studi 
in Causes and Remedies. London, 1952. Presentec 
by Mr. K. F. Bird. | 
Mottoy, E. (General Editor). Architects’, “Tend 
Civil and H ighway Engineers’ a eae Book. Londot 
1952. 

Morcan, T. Lye. Forces in Framed Structure 
London, 1952. Two copies, presented by the Autho! 
and by Mr. J. McHardy Young. 

Musson, W. A. J. and Rein, R.D. Exercises on Conca 
General Science. London, 1952. 

PEATFIELD, A. E. Teach Yourself Mechanical En 
gineering, Vol. II. Engineering Components an 
Materials and Vol. Il Workshop Practice. Londo 
1951 and 1952. Presented by the Author and by 
Mr. Newman Tate. 

PEDOE, J. Advanced National Certificate Mathematieg 
Vol. x. London, 1951. Presented by Mr. E. J. Gouk 

PIPPARD, A. J. 5. Studies im Elastic Structures. London 
1952. Presented by Professor R. H. Evans. 

REYNOLDS, C. E. Examples of the Design of Reinforce 
Concrete Buildings in accordance with the B.S. Codes 
London, 1952. Presented by Mr. W. Morgan. 

STEVENS, W. C. and Pratt, G. H. Kiln Operator’s Hana 
book. D.S.1.R. Forest Products Research. Londor 
1952. Presented by the Director. 
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Synopsis 

‘n order to use available materials in the most efficient 
inner, it is essential for the user to have full knowledge 
‘the properties and characteristics of the material 
yplied for prestressing tendons. The purpose of this 
der is to consider the various conditions in which cold 
uwn high tensile steel wire can be supplied, and the 
act of various treatments on the behaviour of this 
terial in terms of service conditions. 


Previous work concerned with the behaviour of cold 
wwn wire in various conditions is included, with 
restigations by the author on the stress-strain relation- 
p under increasing and decreasing tensile stresses, and 
> relaxation of tensile stress from initial stresses 
ich are a relatively high proportion of the maximum 
ength. The effect of high temperature and tensile 
ess on the characteristics of wire in the as-drawn 
idition are considered, as well as the desirable charac- 
istics of prestressing tendons. 


Introduction 


The imherent weakness of concrete is its low tensile 
ength compared with its compressive strength. The 
vention of reinforced concrete is usually ascribed to 
mier, who in 1861 made several attempts to compen- 
e for this weakness of concrete in tension by reinforcing 
acrete flower-pots with a mesh of iron wire. 


Analytical treatment and later experiments were to 
ult in a better appreciation of the nature of reinforced 
mcrete, particularly its low tensile strain cracking 
pacity. According to Thomas, the first theoretical 
atment of prestressed concrete was due to J. Mandl in 
96, followed by Koenen in 1907, the latter realising 
at a loss of the steel stress occurs due to the elastic 
rtening of the concrete.. In 1908 C. R. Steiner 
seested that stress losses due to shrinkage and elastic 
formation could be eliminated by successive stressing 
and when this became necessary. 


The use of higher tensile steel stresses in the reinforce- 
ant resulted in an increase in the extent of cracking 
the concrete due to the greater strains, thus attention 
s directed towards attempts to eliminate the tensile 
akness of concrete by pretensioning the reinforcement, 
lich on release placed the surrounding concrete in 
mpression. In these early experiments mild steel 
is used as the prestressing tendon, and due to the 
k of knowledge of the shrinkage and creep movements 
the concrete, the resultant loss of steel stress was not 
preciated. These losses were of the same order as the _ 
mparatively small pretension force in the steel. 


Freyssinet realised the necessity for the magnitude 
the preliminary tension in the steel to be large enough 
‘allow Josses due to concrete movements, and still 
tain a substantial prestress in the steel. 

Whilst the full use of high tensile steel as concrete 
inforcement would result in an increase of the extent 
cracking in the concrete, it is very efficient as a pre- 
essing tendon. The development of the technique 
the production of high strength concrete and the use 
high tensile steel wire has resulted in the rapid 
lopment of prestressed concrete, and the charac- 


+ 


‘ics of some of the high tensile steel wire used as pre- 
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~ Cold Drawn Prestressing Wire 


By J. L. Bannister, B.Sce.(Tech.), M.Sc., A.M.1.Struct.E. 


stressing tendons are examined in terms of service 
conditions. 


Manufacture of Wire 


Rods are manufactured from billets—approximately 
2 in. square—which are first placed in a controlled 
temperature furnace where they are heated until in a 
suitable condition for reduction in size by hot rolling. 
The rods are continuously fed into sets of rolls where the 
cross section is appreciably reduced. As the rod passes 
through the set of rolls it is brought down to the desired 
size and automatically reeled into a coil in the hot 
condition. 


During the rolling process the rod becomes coated 
with an iron oxide referred to as “‘ mill scale,” and it is 
essential to clean this scale off the rod before drawing 
it down into wire. This is carried out by dipping the 
rod coil into a dilute acid bath which removes the scale, 
and afterwards washing with hot water. The cleaned 
rod is then dipped into a lime solution to neutralise any 
traces of acid. When the lime has dried the rods possess 
a protective coating which also aids the wire drawing 
process. 


To ensure uniformity of the material prior to cold 
drawing, the rod is heated to a sufficiently high tempera- 
ture to promote a certain degree of grain growth, and 
cooled at such a rate as to yield a fine pearlite structure. 
During the cold drawing process the rod may be reduced 
in four to six drafts through a continuous wire drawing 
machine when the fine pearlitic equiaxial structure is 
broken down and drawn out ‘into a fibred structure 
finely distributed. 


Characteristics of Drawn Wire 


The tensile test is the most extensively used mechani- 
cal test for assessing the suitability of a wire for use as a 
prestressing tendon. From the stress strain curve, the 
value of a stress corresponding with a certain inelastic 
elongation, and known as a proof stress, along with the 
maximum stress is determined. The determination of. 
these two stresses may serve as a suitable acceptance 
test, and indicates that the wire has a certain strength, 
but it gives little indication of the behaviour of the wire 
under prestressing service conditions. The shape of the 
stress-strain curve is of great importance in assessing the 
suitability of wire for use as a prestressing tendon, as 
this is dependent on the complex behaviour of drawn 
wire which in turn is dependent on the shape of the 
specimen, the rate of straining, the previous strain 
history and the non-elastic characteristics of the wire. 


A typical nominal stress-strain curve for a patented 
and drawn wire is shown at (1) in Fig. 1, which displays 
the absence of a limit of proportionality, a yield point, 
and any elastic characteristics. If the wire (1) is 
tensioned to a load which is about 70 per cent. of the 
maximum, and then unloaded to. zero, the deformation 
is not reversible, and the wire acquires a permanent 
deformation of 0.14 per cent. This deformation is, 
however, recoverable after a period of time, and when 
the wire is reloaded the stress-strain curve is of the same 
form as the original. If, immediately after returning 
the load to’zero, the wire is reloaded again, the strains _ 
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do not coincide with those of the first load removal but | 
form a loop as shown in Fig. 2. 


The effect of previous strain history on the shape of the 
stress-strain curve has been shown by Brown, who 
subjected a patented and drawn wire to 20 repetitions 
of a tensile load equal to 75 per cent. of the maximum. 
After this treatment the wire tends to display less plastic 
behaviour, but if the wire is now subjected to 50 reversals 


} € ; the 
is Gan Showa in the residual elongation curves ‘for t 
two wires in Fig. 1. BS ia 


Stress-Strain Relationship | sj 


The results of the tensile test are expressed as. 
nominal stress-strain curve, and it is from the shape 
this curve that the suitability of a wire for use as a pl 
stressing tension is judged. If a wire with an origin 
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over a pulley whose diameter is 115 x the wire diameter, 
then the original plastic behaviour is restored. 


All patented and drawn wire displays a non-elastic 
stress-strain curve and the type of deformation is de- 
pendent on both applied stress and time. This plastic 
behaviour means that the wire can be subjected to more 
severe deformations without reaching the maximum 
load, and thus a greater degree of warning of failure is 
given in the case of over-stressing. 


The residual elongation curves or flow curves in Fig. 1 
represent the permanent part of the total elongation at 


‘zero stress after unloading from a particular stress. 


Wire (2) was produced by smaller reductions of area in 
the drawing process than wire (1), the former displaying 
less plastic characteristics than the latter. This difference 
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volume Ay J) is extended until the lore is 2 and t 
reduced cross sectional area is A, then the strain 


paar Ao 
Cha = a 
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‘whereas the true strain «is tha summation of the chang 
in length divided by the average length during the chan 
in length, and provided the volume remains consta 


Ag 


a = log = log (1+) 


According to Kuntze and Sachs the non-uniformity 
deformation proceeds in a series of local Wits 


4 


Vey a 


ening is greater than the rate of reduction of area, 
the load carrying capacity of the wire increases and 
local plastic deformation is transferred to another 
3S strain-hardened section. As soon as the strain- 
urdening fails to compensate for the reduction of area, 
scking sets in and the maximum load has been reached. 
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tion proceeds beyond the strain-hardening resistance. 
Hence the maximum load is slightly above the necking 
load. 

The condition for maximum load from equations (3), 
(1) and (2) is given by 
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faximum load P = f. A 


dP — A. df + f. dA = 0 

af dA 
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at the maximum load the increase in the total 
(A. df) = the decrease due to the reduction of 
(— f. dA); the occurrence of maximum load 
ating a change in the strain-hardening of the wire 
y and not an ultimate strength. 
Freudenthal suggests that necking starts just before 
maximum load is reached, because the resistance to 
ation is a function of the rate of straining as well 
rain-hardening. Necking tends to increase the 
aining, and raises the stress at which deforma~ 
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ELONGATION % 
Fig. 2 


which means that the maximum load occurs at a strain 
at which the slope of the true stress-strain curve becomes 
equal to the stress. The maximum load for all wires is 
recorded in Figs. 1 and 11, and the maximum stress is 
calculated from the original area. The original area is: 
1.0329 of the instantaneous area at the maximum load 
in the case of wire (1) which means that the true maxi- 
mum stress is more than 3 per cent. greater than the 
nominal maximum stress, while in the case of wire (2) 
thé true maximum stress is over 24 per cent. greater 
than the nominal. 


The 0.1 per cent. proof stress is determined for drawn 
wire by drawing a line parallel to the initial tangent 
modulus through o.1 per cent. elongation. The slope 
of the tangent depends on the precision with which the 
deformations are measured and the rate of loading. 


_ Gurney presents evidence to show that an increase in 
the rate of loading results in both a reduction in the 
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amount of deformation associated with a given stress, — 


and a small increase in the maximum stress. Thus the 


curvature of the stress-strain curve is subject to variation _ 


and in turn the slope of the tangent and the value of the 
proof stress. 
Furthermore the proof stress does not give any 


indication of the behaviour of the wire as a prestressing 
tendon ; a more suitable indicator being the stress at an 
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MAXIMUM 
DECREASE 


TEMPERATURE ——°C 


elongation of say 0.7 per cent. As previously stated, 
the stress-strain characteristics of the wire are affected 
by previous strain history, less plastic behaviour being 
apparent by a decrease in the curvature of the stress- 


strain curve after a loading and unloading cycle. The 


effect of loading and unloading cycles on the proof stress 
are shown in Fig. 2. 


The ductility of wire is usually expressed in terms of 
the total elongation after fracture has taken place. This 
elongation is composed of two parts, one a uniform 
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Fig. 3 


deformation which takes place up to the point of neckii 
and the other a non-uniform deformation confined 
the region of necking. aD 3 


The meaning of ductility from the engineering p 
of view is the amount of deformation that the mate 
can withstand before failure. If the uniform deforr 
tion is exceeded, the instability condition of nec 
starts in a local region and fracture follows under a 
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further deformation. Thus the uniform deformatic 
is related to service conditions and indicates 


(i) the limit of the deformation which can be applie 
in service before the wire fails, 


(ii) the capacity of the wire to absorb energy und| 
excess loads. Ne 
Since the uniform deformation ends at or about tl 


maximum load then the total elongation at this lo 
gives the maximum elongation possible before failu 


oman gives the relation between stress and strain 
to the maximum load as 

ere is the strain-hardening exponent. 

om equation (5) 
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The proportion of the total elongation of the wires at 
fracture that takes place as a non-uniform elongation in 
the form of necking is proportional to the reduction of 
This latter quantity is thus only a measure of the 
deformation in the range of necking. 


The conditions at fracture consist of triaxial stress 
which commences and increases with necking, and a 
fracture stress which is difficult to interpret unless the 
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id from equations (4) and (6) it follows that the uniform 
Tain em at maximum load is equal to the- strain- 
idening exponent 1. — 


By careful manipulation of the testing machine the 
aximum load can be held long enough to read the 
tal elongation corresponding to this load, and to 
move the extensometer prior to necking and subse- 
lent fracture. Also true strain at the maximum load 
m be determined by measuring the reduced diameter 
the wire at this load and using equation (2). These 
formations are shown in Table 1. 

When measuring the original diameter the wire should 
s rotated so as to disclose any ovality of the cross 
ction which is usually of the order of $ per cent. It is 
w this reason that the determination of the uniform 
ongation from the reduced diameter is subject to some 
ariation. Once necking has started, the wire continues 
) deform in this region, while away from this region the 
niform deformation ceases. So that in a specimen, 
ly 80 to 100 diameters long, the reduced diameter 
esponding to the maximum load can as an alter- 
ive be measured immediately after fracture. 
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3 4 
TABLE 1 
Elongation—% at Maximum 
Stress from Elonga— | Reduction 
tion—% of 
Wire Reduced Diameter at Area 
Extenso- Fracture % 
meter | Equation | Equation 
(r) (2) 
Tt 3.20 3.29 3.24 59 26.8 
2 2-75 2.56 2.53 5-59 45-9 
elm 4.30 4:50 4.39 7.14 20.4 
1-H-T 4.20 4.12 4.02 6.1 20-0 


necking is small and 


brittle fracture ensues. 


These 


conditions are not related to service conditions. 


Strain-Aged Wire 
Strain-ageing is a term used to describe the alteration 
in the characteristics of a wire after previous cold 
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deformation. This strain-ageing can take place at — 


ordinary temperatures, but the rate of change increases 
with temperature. Strain-ageing of the wire will 
produce an alteration in the shape of the stress-strain 
curve which makes it possible to realise more desirable 
characteristics. ees 
_ The application of a controlled temperature for a 
specific time will result in more elastic characteristics, or 


e 


a 


Fig. 5 


the application of a tension will subsequently improve 


‘the elastic characteristics up to this tension. Brown 


shows that when a wire is tensioned to } maximum 
stress 20 x, the elastic characteristics are improved but 
not completely restored. If the wire is heated to 


210°C, for 20 minutes and then tensioned to 4 maximum 


stress 20 x the elastic properties are enhanced still more. 
Brown also maintains that if a wire is tensioned prior to 
heat treatment then completely stable elastic character- 
istics are obtained up to that tension, and the width of 
the loading and unloading loop is considerably. reduced. 


Wire (1) by immersing in a lead alloy bath for a peri 


ey i\it 


heat-treatment was appli 


Strain-ageing by 


five minutes. The temperature of the bath was 
fully maintained at various temperatures betw 
100°C. and 500°C. By plotting the variation in ten 
strength against temperature in Fig. 3, it can be see 


that the strength first falls and then rises to a maxim im 
falling again at higher temperatures. The effect of th 
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; a 
heat-treatment on the stress-strain re 
; 5 ay 

shown in Fig. 4, where the stress-strain curves a 
plotted for the Wire (1) before and after being submitte: 
to temperatures of 220°C. and 270°C. for a period ¢ 
three minutes. iin Vets £ 
The stress-strain curve for Wire (1) before and afte 
heat-treatment (1-H) is shown in Fig. 1. The latte 
displays more elastic characteristics than the formel 
The ductility of the strain-aged wire is also improveé 
with a greater degree of warning of failure due to th 
increase in elongation between 70 t.s.i. and the maximun 
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nloading curve from a stress of 70 t.s.i. is (a) Concrete deformations, : 

little different from the loading curve for Wire - (b) Relaxation of stress in the steel 

that it is difficult to plot, while the unloading (c) Movements in the anchorage. 
for the Wire (r) in the as-drawn condition is shown The first item consists of compressive, shrinkage and, 
tm a loop with the loading curve. For the same creep movements and for a post-tensioned concrete 
ete deformation due to prestress, the loss of stress in subjected to a prestress of 1500 p.s.i. with a secant 
( ase of (1-H) is smaller than in the case of Wire (x). modulus of 5 x 10° p.s.i., the values of the shrinkage 
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Tt will also be seen from Fig. 1 that the strain-aged and creep movements are 0.02 per cent. and 0.03% /1000 
ire has no residual elongation until it has been stressed p-s. respectively. Hence the loss of preliminary 
about 75 t.s.1. * tension due to the deformations which constitute. 
4 ; (a) correspond to a deformation of 0.065 per cent. For 
* Relaxation of Stress the Wire (1) in the as-drawn condition the loss of stress 


from a preliminary tension of 70 t.s.1. is about Io t.s.1., 
while for Wire (1-H) the loss of stress from the same 
preliminary stress of 70 t.s.i. is about 8 t.s.i. due to 
this concrete deformation of 0.065 per cent. 


b ordinary reinforced concrete construction the 
eel stress is proportional to the loads applied to the 
am, while in prestressed concrete construction the 
nount of loss of steel stress by concrete deformation 


greater than the increase due to the application of the The loss of stress due to relaxation of tension after 
sign load. Thus the preliminary prestress is the 10 days from a stress of 60 t.s.1., is about 2 t.s.i. for 
eatest tension applied to the wire and since the value Wire (1) which is approximately the same as the loss 
‘this stress can be readily measured it can with safety due to shrinkage movement of the concrete. 

a high proportion of the maximum stress. The loss of stress due to movements in the anchorage 
a First Report on Prestressed Concrete published can be appreciable. A slip of 1/16 in. on a length of 
/ the Institution of Structural Engineers (7.(b) p. 11) 15 ft. is equivalent to a movement of approximately 
lows a preliminary stress of 60 per cent. to 70 per cent. 0.035 per cent., which corresponds to a loss of stress from 
the maximum tensile strength of the wire. 70 t.s.i. of about 5 t.s.1. fh 


the strain corresponding to the high preliminary ; ; 
s is held constant, then at ordinary temperatures, Mechanism of Relaxation of Stress 

ixation of the preliminary stress takes place with In a strain-hardened material such as drawn wire, the 
This is known as ‘‘ Simple Relaxation.”’ deformation is nearly all concentrated in slip planes 


oss of tensile stress from the preliminary tension which are usually those in which the densest packing of 
e prestressing wire is due to the following causes :— atoms occurs. The slip which takes place results in a 
Fira a) ae : iy 
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resistance to further deformation along the same plane, 
This resistance to deformation is attributed to the 
difficulty of moving a dislocation, i.e., a region of im- 
perfection in the crystal lattice. 

According to Taylor, a dislocation will move when the 
applied stress is equal to the maximum internal stress. 
When the internal stress is high, the slip spreads on a 
number of sets of planes, and the dislocations do not 
travel right across a slip plane, but become jammed by 
the interlocking of one with another. An intense centre 
of strain is formed which prevents the reversibility of 
plastic flow and causes strain-hardening. 

Cottrell and Bilby interpret strain-hardening in terms 
of the migration of carbon atoms to free dislocations. 
It is suggested that carbon atoms form a cloud around a 
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Fig. 7 


dislocation, and a migrating movement is trying to move 
the atom cloud, while it resists. 

Mott maintains that the resistance to deformation 
is due mostly to the difficulty of moving dislocations, and 
with increasing strain the number of dislocations 
increases: On application of the initial stress, the 
initial instantaneous relaxation of stress occurs by 
“ exhaustion ”’ of dislocations, and the value of internal 
stress around all dislocation loops is now greater than 
the external stress, and further relaxation takes place _ 
by the aid of the thermal stress fluctuations. 


Factors Affecting Relaxation 


In general a fine grained material is more creep 
resistant than a coarse grained material at ordinary 
temperature. 


a OA YS 


The effect of heat-treatment on relaxation o1 
characteristics is indirect, and depends on the effe 
the heat-treatment on such factors as grain size 
structural stability. 

The combined effect of heat treatment and te 
on the relaxation or creep characteristics is also indi 
and depends on the treatment being applied long enoug) 
for a condition of structural equilibrium to be obtaine 


Previous Work on Relaxation 


The variable characteristics of wire in the as-draw 
condition, although manufactured by the same pr 
was shown to apply to the relaxation of stress 
Strycker found the variation in relaxation losses 
wire from the same batch to be as follows in Table 2. — 
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TABLE 2 
Relaxation of Stress After a Period © 
ve ane hours 
Ist Case et, 2 4 I 
4° 824 
and Case. >\..! fo BEES I 
3-50 24 


de Strycker also observed that a naturally strain-ag 
wire has a greater relaxation loss than a wire with 
small age. He found that a new wire relaxes 3 per cen 
in three days from an initial stress of 130 kg/sq. mm 
while the same wire when two years old would th 
relax the same proportion from an initial stress of on. 
110. kg/sq. mm. Everling also showed that for 
at) ae 


dia. wire when subjected to an initial stress 
al to 70 per cent. of the maximum stress, the relaxa- 

yn at the end of 120 hours was 44 per cent. greater for 

e wire in the artificially aged condition. 

The beneficial effect on the relaxation of wire of a 

orary overstress has been demonstrated several 


de Strycker showed that if the wire is stressed up to 
kg/sq. mm. for two minutes and then reduced to 
g/sq. mm., the creep is only 5/7 of the value obtained 
5 kg/sq.mm. Schwier reduced the creep by stressing 
» to the 0.2 per cent. proof stress for five minutes. 
verling tensioned a wire to 80 per cent. of the maximum 
ress for two minutes, and then reduced it to 70 per cent. 
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the beam. From this time onward the wire is held at a 
constant strain by having sufficient load on the beam 
to hold it against a stop. After a short period of time 


the wire has relaxed and it is found that the load required 


to hold the beam on to the stop can be reduced. 


The machine used for the relaxation tests was a 
compound lever type shown in Fig. 5 which recorded 
the load direct to r lb. A 36 in, length of wire was 
used for the test.. Split conical wedge grips shown in 
Fig. 5 were forced on to the ends of the wire in a vice 
24 hours prior to testing, and the whole allowed to 
remain unloaded in the testing machine so that all 
equipment is at approximately the same temperature. 
Immediately prior to the start of the test the wedges 


ia aed 


he relaxation from this initial stress was 56 per cent. 
ss than the relaxation of the original wire from the 
ume initial stress at the end of 120 hours. 


Magnel testing 5 mm. diameter wire showed that by 
Fessing to 137,000 Ib./sq. in. for two minutes and then 
lucing the stress to 123,000 lb./sq. in. the relaxation 
om the latter stress after 300 hours was reduced 
aper pent: 


¥ AS Method of Testing 
Simple relaxation tests were carried out on the wires 
esented in Fig. 1 from initial stresses of 60, 70 and 
) tons/sq. in. While these initial stresses are of the 
er of those used in service, it is to be noted that the 
n does not remain constant in service due to the 
crete deformations that take place under load. 
ese may be of the order of 10 per cent. to 20 per cent. 
the steel strain. ie 
. lever machine using dead weights is the most 
venient method of carrying out a relaxation: test. 
initial load is applied and the wire is allowed to 
e. At the end of a short time, further elongation 
evented by stopping any downward movement of 
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Fig, 8 


are again subjected to a force, so that the test is started 
with the grips tight on the wire. 


The load corresponding to the initial stress is applied 


in less than one minute, and the relative movement 


between the wire and the grips is measured on a dial 
gauge. This load is maintained for one minute, and 
if at the end of this time the relative movement of wire 
and grip has not ended, the test is abandoned and a new 


specimen is prepared. 


During this initial period of one minute the weigh 
lever arm is maintained at the mid position of a gate ; at 
the end of this period a stop is placed under the lever 
arm. The elongation of the wire has been stopped and 


the wire now relaxes its load. This relaxation is 


measured by reducing the load at the end of a further 
five minutes until a film of light is visible between the 
bottom of the beam and the top of the stop. The 
presence of this film is sensitive to 1 lb. of load. During 
the first eight hours frequent load readings are taken, 
when the temperature is steady, the specimen being 
shielded so as to avoid the temperature changes in the 
specimen being more rapid than in the machine. After 
the first day, load readings are taken daily when the 


(aipeldiare is steady. the Honk settable time e being at 


the beginning of the morning. 


Relaxation of Drawn Wire 


The relaxation of stress with time up to eight hours — 


for Wires (1) and (2) are shown in Figs. 6 and 7, where 
it can be seen that the immediate rate of relaxation of 


at 10 ‘days. The ratio ot these two values incr 
with ‘the initial stress. In the relaxation tests cz 

out by Dawrance the stress in the i mm. dia. wire 
determined by measuring its natur frequency of tra u 
verse vibration. A comparison: of the results of relax 

tion obtained by the two totally different methods i is 
interest, fg. is shown in Table 3. 
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TABLE 3 


Initial Stress t.s.1. 
Sigh 

5 mm. Wire Wire (1) 

60 2.09 2.08 

70 °- 2.86 2.80 

80 4.19 4.48 


Relaxation of Stress at 10 days 


Wire (2) 


Relaxation of Stress at 1 hour 


Relaxation of Stress, at 10 days 


ema a 
5 mm. Wire Wire (1) Wire (2) — 

1.55 36.4 SO Pay 03 
2.75 Br a325), ne Pod ns 46.7 > am 
4.16 33-3 51.6 46.7. 


stress is rapid, but due to the reduction of load and the 
strain-hardening during test, the rate of relaxation 
decreases with time. 

After a short transition a more steady rate of relaxa- 
tion is observed and according to Bailey it is due to the 
rate of temperature softening compensating the rate of 


The difference in the relaxation losses of Wire 
(x) and (2) shows the possible variation which 
occur in the characteristics of wires in the 4 
drawn condition, although the process of man 
facture and diameter are the same. These variak 


characteristics were also demonstrated by de Strycker | 


strain-hardening. Cree and White attribute .this 


compensation to recrystallisation. - 
this compensation can also be attributed to other time- 
temperature phenomena. 

The higher the initial stress, the greater the aetiont 
but the residual stress is also higher.. The relaxations 
from initial stresses of 60, 70 and 80 t.s.i. against 
log-time, for periods of 250 hours, ' are: shown in Figs. 
8, 9 and ro, ; 

The relaxation of stress which takes Biacee in the 
first hour forms a substantial portion of the relaxation 


It is probable that. 


_ the strain-aged wire Paes as of Hf orgie crag 
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Relaxation of Strain-Aged Wire 


The relaxation of stress for periods up to eight hou 
for Wire (1-H) is also shown in Fig. 7. This is th 
Wire (x) in the artificially aged condition. For perioc 
_up to 250 hours the pcp anOn for Wire all is show 


‘in Fig. ro. i 


It was found that due to aitiicials straivtageine tk 
relaxation from an initial stress of 60 t.s.i. is reducet 
while from an initial stress of 70 t.s.i. the relaxation. 


re ees 
Mech tent be 
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ar from Fig. 6 that the relaxation of stress for 
ged wire is substantially greater than that for 
ne wire in the as-drawn condition. : 


aged wire is less than that of the same wire in the 
awn condition if the initial stress is not greater 
HOO 1.8.1, °"> 

M4 * : : 

ation of Wire Strain-aged while in Tension 


The Wire (1) was subjected to the artificial strain- 
jing process while under a tension of 74 t.s.i. The 
ess-strain curve after this treatment is shown in Fig. 


This may be described as strain-ageing and strain- 
ening the wire simultaneously. 

e effect of this treatment is shown in Fig. 12 where 
elaxation of stress for the wire (1-H-T) from initial 
s of 70 t.s.i. and 80 t.s.i. is less than that for 
e (1) from the same initial stresses. 

nilar results have been obtained by Schwier; these 
shown in Table 4, with results determined by the 
nor for Wire (1-H-T). 


TABLE 4 


Relaxation after too hours, 


ieee eS de 
ane As _Heat-treated 
Drawn under tension 
0.2 2.63 0.598 
0.197 2.54 0.635 


Strain-Hardened Wire 
ample of strain-hardening is shown in Fig. 13. 
iven stress the elongation % is greater for the 0.2 in. 


ro days. If the initial stress is 80 t.s.i.__ 


ppears, therefore, that the relaxation of stress of a ~ 
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- dia. crimped: wire than for the 0.2 in. dia. plain wire. 
After the application of an initial stress of 60 t.s.i. for 


io days, the crimped wire was left unloaded for three 
days. The elongation % at a given stress is now smaller, 
and the stress-strain curve for the hardened crimped 
wire 1s very similar to that for the plain wire, although 
he crimps are still present. 


Effect of Temperature on Wire (1) 


When the unstressed Wire (1) has been heated to 
various temperatures and allowed to cool, it will be seen 
in Fig. 3 that the tensile strength is either unaltered or 
increased if the temperature lies in the range 200°C. to 
400°C. On the other hand, if the wire has been heated 


Fig. 40 


to a temperature outside this range then the tensile 
strength is reduced. 


According to the Library Abstract No. 1, published 
by the Cement and Concrete Association—translated 
from the Dutch—it was found in high temperature tests 
on a prestressed concrete beam, that while the concrete 
reached a temperature of over 700°C., the temperature 
of the wire rose to only 230°C.—270°C. Samples of the 
wire were taken from the fire tested beam, and the tensile 
test showed that the tensile strength was unaltered. It 
is likely that the range of temperature to which the 


-Dutch wire must be previously heated, in order that 


the tensile strength shall remain unaltered, includes the 
temperatures 230°C.—270°C. 


The most important’ effect of temperature on pre- 
stressing wire is not the subsequent effect on the tensile 
strength after cooling, but the effect on the strain in the 
wire, which is subjected to temperature and _ stress 
simultaneously. To investigate the effect of tempera- 
ture on the strain of a highly stressed wire a length of 
0.2 in. diameter wire 10 ft.—g in. long was tensioned in a 
prestressing bed by means of a hydraulic jack. The 


load on the wire was measured by a proving ring, and 


it was heated by passing an electric current along its 
length. A portion of the wire was polished, and the 
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temperature was judged by the appearance of the 
following characteristic colours : 
Dark Straw 240°C. 
Dark Blue 300°C. 

The wire was first loaded up to the initial tension 

(50, 60 or 70 t.s.i.) in equal increments of 3 t.s.i. After 
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each load increment the extension of the wire on a 2 in. 
gauge length, and the total elongation on the length of 
129 in. was measured. The latter quantity being 
corrected for movement of the wire in the grips. At 
60 t.s.i. the extension due to movement of the stressed 
wire in the grips was over Io per cent. of the total 
extension. The stress-strain relations for the two gauge 
lengths are the same. The current was passed through 
the wire until the polished portion acquired the charac- 
teristic colour corresponding to either 240°C. or 300°C. 
As the wire elongated due to the rise in temperature, the 
load on the wire was maintained at a constant. As the 
wire reached the desired temperature the current was 
immediately switched off and the maximum elongation 
of the wire under the combined effects of stress and 
temperature was measured. As the wire contracted, the 
load was again maintained at a constant, and on reaching 
the normal temperature the elongation under the. initial 
stress was found to be greater than before heating took 


place. After such treatment one would expect t 
characteristics of the wire to have been altered. TI 
was found to be the case when the wire was reheated ; t 
elongation due to heating was deduced. The results 
shown in Fig. 14 and Table 5, and are applicable to po: 
tensioned concrete. a i 
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Table 5 


Strain % after 


Tensile 
Stress Tempera- Tempera- 
i Sale Stress ture »Cooling ture Cooling 
of 240°C. of 300°C. 
i 
2 0.013 0.34 ° 0.48 fo} 
50 0.425 0.70 0.41 I.19 0.87 
60 0.55 mero 0.97 PN gs 2.47 
70 0.69 3.03 2.56 _ —- 


The stress-strain relationship at a temperature ¢ 
240°C. is given by the results in Table 5, where it will b 
noted that the extension of the wire is considerabll 
increased by the application of stress and temperature 
This will account for the conclusion in the Cement an) 


<a 


mcrete Association Library Abstract No. 1 that 


The amount of deformation is to a great extent. 


iverned by the load on the beam.” 

After cooling there is a considerable amount of 
sidual strain. This coincides with the conclusion 
ached by the Fire Research Station—‘‘ Beams which 
ive been exposed to a fire of shorter duration than that 
hich would cause failure representing say, less than 
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where w is the uniform load necessary to maintain 
equilibrium. 
From equations (7) and (8) 
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alf their fire resistance, and likely to retain a high df, df, 
ercentage of their original strength on cooling but with Now & = . ss + Sadler a if Sano ce EEE 
“marked residual deflection and loss of prestress.”’ ds dl 
he reason for the retention of some of the original 
tength on cooling can be found in Fig. 3. An increase af : 
| the temperature from about 240°C. to about 300°C. SE ee S02 : 4 Ie ie 
sults in an appreciable percentage increase in the va ae Say ine - + 4 & (12) 


Tain in the heated wire, and in the residual strain after 
doling. . 
; Post-tensioned Wire 

For a parabolic cable of span / and centre sag e, the 


ngth of the cable is 


8e? 
ms 74+ (7) 
§ 3! 
id the horizontal force at each end of the cable is 
—6 wi? : 
ee 


Substituting in equations (11) and (12) 


Se: 8e2-+. 3/2 Ss cr Set Be. BI 


= UR it a aon 
é 16¢e” s Theta ey oo 


sH . —(8e?+-3/?) 3s 
and i : + 
H I6e2 Ss 


ba aly 
1 > 


ee ee, TS 


be kao) 
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Consider the cable in a post-tensioned beam which has a 
span of 30 ft. and a centre sag of 3 in., then equation 
(13) becomes 


de 3s 8l 
— = 2700.5 Rasen Bedr a \e se Gey) 


é s 


and equation (14) becomes 


_ increase in the sag and the percentage decrease 1 


* 


samen Heats from equation (15) and (16) the perce 


; 8s 
horizontal force would both be equal to. — 
Sine 
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99 


RESIDUAL 
ELONGATION 


75 


, 60 


IN. 


45 


30 


STRESS —TONS /SQ. 


, 


10 


3H 8s 81 
— = —2700.5— 2701.5 —. ... . . (16) 
H s l 


It is often supposed that the linear coefficient of 
expansion for concrete and steel are the same, when the 


) 


8s 
percentage increase in the length of wire (4 
Shed 


S 


8 2 
and in the span ( ) would be approximately the 
1 ; 


ELONGATION 
e 


TOTAL 


O:2DIA CRIMPED WIRE 
MAXIMUM STRENGTH !00 T.S.1. 
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AFTER 10 DAYS 

“RELAXATION FROM 
60 TSI. 


72 HRS, AFTER- 
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RELAXATION FROM 
60 T.S.L 


x ELONGATION % 


* 


‘Fig. 13 


reasonable to suppose that the extension of the concret 
will be decreased with compressive stress. Suppose the 


SSyie ; TARAS Dia eer ER 


— is 2 per cent. greater than— and that— isx per cen’ 
s Daa rn Ne fis 

. de BeOS, | 
Then from equation (15) — = 54— and the sag in 


é es 


creases to 4.62 in., and from equation (16) the horizontz 
force is reduced 52 per cent. yes 


if the longitudinal expansion of the beam is 
i ie be : 8s or : AYA 
nted, then — may be much greater than — 
es s l 


_as the Fire Research Station fatnd the beam may 
| earlier ae if it is free to expand. 


| 3s yf 
(The Bitleveiice between — and — is likely to be in- 
: s l 
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E HEATED TO 300°C 
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(b) The relaxation of stress at 1 day, 1 week and _ 


if possible, 1 month and 1 year. 


(c) The speed of relaxation-time curve for the 
first 24 hours, 


(i) (a) Discloses any plastic behaviour, and records the 
change in slope above 60 per cent. maximum 
stress from which may be judged the ductility 
and the speed of elongation as the stress 
approaches the maximum. 


z 
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~ 
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: 
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eased on cooling becarise the compression in the 
perete will tend to decrease the longitudinal length of 
e beam, while as shown in Table 5 there will be a 
sidual strain in the length of the wire, and the beam 
il take on a permanent set. 


Efficiency of Wire as a Prestressing Tendon 


To assess the efficiency of a wire as a prestressing 
ndon it is necessary to determine the following facts 
om : 

) Tension Test. 
_ (a) The nominal stress- total dansauon curve. 

_ (b) The nominal stress-residual elongation curve. 
_ (c) The unloading stress-total elongation curve. 
q from about 70 per cent. maximum stress. 
_ (d) The stress at 0.7 per cent. total elongation. 
(e) The total elongation at 70 per cent. maximum 
; stress. 
-  (f) The total elongation at maximum stress. 
¥ ( g) The elongation after fracture. 


) Relaxation Test (Initial Stress 70 per cent. maximum 
_ stress). 

ke (a) The relaxation of stress-time curve for the 

Bees eight hours. 


(b) Indicates up to what stress the wire behaves 
elastically. 

(c) The loss of steel stress due to concrete deforma- 
tions must be measured on the unloading 
curve and not on the loading curve. These 
two curves are shown in Fig. 1 for Wire (z). 

(d) The higher the value of this stress the less 
plastic the behaviour of the wire, also the loss 
of stress due to concrete deformations is 
likely to be smaller. 

(e ) This is a measure of the elongation at about the 
preliminary stress, the higher this value the 
easier it is to measure and to use as a check 
on the load in the wire during the prestressing 
operation. 

(f) The difference between this elongation and the 
previous one (e) is a measure of the deforma- 
tion that the wire will stand if it becomes over- 
loaded. 


Desirable Characteristics of a Wire 


The ideal wire would have elastic characteristics 
which are stable, so that the future behaviour of the pre- 
stressed concrete .in which it is used can be predicted 
with some certainty. ‘After stressing to a point below 
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the elastic limit, the stress-strain relationship should be 
reversible, and the residual elongation should be zero. 
The slope of the straight line part of the stress-strain 
diagram should be as small as possible up to a high 
proportion of the maximum stress. The small slope 
would result in large deformations at the preliminary 
stress which, as previously indicated will result in 
smaller stress losses due to concrete deformations. 
Since, if the material is elastic, the loading and unloading 
curves coincide : 

The elongation at the maximum stress should be as 
large as possible so as to give a good warning of failure. 
If the wire is overloaded either during the prestressing 
operation or when it is acting as a prestressing tendon 
in a beam, it is desirable that the difference in the 
elongation at maximum stress and at a preliminary 
stress of 70 t.s.i. should be as high as possible. For 
Wire (1) the ratio of these elongations is about 4.7. 

The slope of the curved part of the stress-strain 
diagram should not change abruptly, but should have a 
gradual continuous decrease from the end of the elastic 
line up to the point of maximum stress. If the. change 
in slope is too abrupt, the stress in the wire may be 
close to the maximum while the elongation is still 
comparatively small, and although the elongation at 
the maximum stress may be high, in event of over- 
loading the degree of warning of failure would be in- 
sufficient, and would result in abrupt failure ; whereas 
if the change in slope is more gradual, the approach to 
the maximum stress is disclosed by earlier and larger 
elongations at stresses well below the maximum. 

Generally the aim should be towards larger diameters, 
with high maximum stress, and low relaxation of stress. 
The latter should be rapid in the first hour of stressing, 
and then rapidly become constant. 


Conclusions 


1. Wire in the as-drawn condition possesses non- 
elastic characteristics ; the deformations are not re- 
versible and the loading and unloading curves form 
loops. 

ss After being subjected to a number of repetitions of 
tensile load, the characteristics of the as-drawn wire 
tend to be more elastic ; but the non-elastic character- 
istics return after the wire has been subjected to some 
bending. 

3. Due to the plastic character of the as-drawn wire, 
it can be subjected to severe deformations without 
seriously increasing the load. 

4. The proof stress does not give any indication of the 
behaviour of wire as prestressing tendon, and it is 
suggested that the stress at say 0.7 per cent. elongation 
be substituted. The proof stress is dependent on the 
curvature of the stress-strain diagram which is subject 
to the rate of loading effects. 

5. Ductility is defined as the uniform elongation 
which takes place up to the maximum load, i.e., the 
amount of deformation which can be applied in service 
before failure. This ductility can be measured in terms 
of the reduced diameter at a point 10 dia. away from 
the point of fracture. 

6. The relaxation of stress varies even for-wire in the 
as-drawn condition, and depends on the particular 
conditions which occurred both before, and during the 
cold drawing process. The relaxation is at first rapid ; 
and the relaxation from an initial stress of 70 t.s.i. after 
one hour is approximately 50 per cent. of the relaxation 
after 10 days. 

7. Artificial strain-ageing of the as-drawn wire at an 
optimum temperature results in a wire with elastic 
characteristics, and the deformations are reversible from 


. normal service stresses. 


elastic characteristics, but smaller relaxations of stres 


ment, and the extent and manner of subsequent colé| 


- The ductility is improved an 
there is no residual elongation from a stress be 

75, t.s.i. Lubricant on the surface of the wire is alse 
removed by heating. 


from 70 t.s.i. is smaller for the strain-aged wire than fi 
the wire in the as-drawn condition. . 
g. The effect of strain-ageing on the reek | 
indirect and the relaxation is smaller than for the as 
drawn wire if the initial stress is not greater thar 
60 t.s.i. 
10. A wire strain-aged under tension not only posse 


than do either as-drawn, or strain-aged wire, even from 
an initial stress of So t.s.i. 1 a 

11. The «characteristics or drawn wires are not 
simple function of either diameter or maximum strength, 
but are dependent on the basic material and its treat; 
reduction and ageing. The relaxation of such wires 
is not related to elastic characteristics, or the maximum 
strength or elongation at this stress. It would 
unwise to extrapolate in Figs. 8, 9 or 10 because at the 
end of long periods it is unknown whether the rate 0 
relaxation will increase, or whether the wire will fracture 

12. The strain in a stressed wire is_ considerably, 
increased by the application of temperatures such 
would occur in a fire. 
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Discussion 

The Literature Committee would be glad to conside 
the publication of correspondence in connection wit. 
the above paper. Communications on this subjec 
intended for publication should be received by. Octobe 
Ist, 1953. 


The presence of the slab on the compression side of a 
tbeam permits the use of a large amount of tensile 
eel in the rib. In continuous spans, however, the 
verse moment at the support is usually comparable in 
agnitude with the span moment, and so also calls for a 
nsiderable amount of tensile steel ; but as the slab 
“now not on the compression side the rib concrete 
ten requires the assistance of compression reinforce- 
tent, Fig. (i). 

The rib size of a continuous beam is thus frequently 
mitrolled by the compression requirements at the 
ypports, and the design problem is usually to find the 
pmpression steel required, with 6 and d provisionally 
nown. In rectangular beams such as crane and gantry 
irders, and precast beams where it is important to 
eep the size down, the same problem may occur at mid- 
pan Fig. (ii). Compression steel is of course required 


Lb 


q! 


Fig. (i) 


Fig. (ii) 

n any rectangular beam when the tensile steel exceeds 
he ““ economic ”’ percentage. 

_A method often used by designers involves finding the 
esistance moment of, the beam without compression 
teel, using the appropriate value of Q = M/bd? for the 
ermitted stresses and then calculating the compression 
teel required to make up the balance of resistance. 
‘or this purpose an approximate lever arm is estimated, 
md the stress in the compression steel is either judged 
x computed from its distance from the neutral axis. 


finally, the tensile steel is calculated using its appro- _ 


wiate lever arm. Although the result is sufficiently 
Bete for practical purposes, the operations take 
everal minutes to perform in spite of the approxima- 
ions made. ! 

_ Another method, possessing the merit of simplicity, 
s the Steel Beam Theory. In this, equal top and 
Jottom steel is provided and assumed to be stressed to 
he maximum permissible value in tension, e.g., 18,000 
si., the lever arm being taken as the distance between 
he reinforcements or about 0.85d. This method used 
io be popular in competitive design because it always 
gave a smaller beam, but owing to the higher concrete 
stresses now permitted it no longer enjoys that advan- 
lage in many cases, as may be seen from the Table 
delow. 

The correct expression for resistance moment of a 
doubly-reinforced rectangular section contains several 
Beles and is too complex for practical design. Graphs 
f the neutral axis ratio ”,, and lever arm ratio a, in 
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soncrete Beams with Compression Steel 
j A QUICK METHOD OF DESIGN 
By F. H. Blake, M.I.C.E., M.I.Struct.E. 


At Ac 
and pp", == 
bd bd 
given in certain textbooks for particular values of 
d’/d, and a nomogram recently published* enables 1, to 
be read off for any value of d’/d ; but the equations for 


resistance moment, or for the multiplier Q = M/bd?, 
viz., 


Os = tpa, 


I Ny ie 
Qc = cl m, [| — — — } — — (m—1) 
2 6 Ny 
wee ae 
Gere Gee 
d d 


are still much too cumbersome for practical use. 
It is possible, however, for given values of c and 


terms of the steel ratios p = 


are 


a’/d, to plot Q as a simple chart for all combinations _ 


of pand p’. The modular ratio m is now stabilised at 15 
(except for water-retaining structures). Moreover, Q 
does not vary rapidly with changes of d’/d. 

The four accompanying charts are based on m = 15 
and ¢ = 18000 psi. They cover two values of d’/d, 


Example : 18” by 9” Beam ; assumed d = 154”, d! = 2}. 


Reinforcement % 


Resistance x “et ae 
‘inte ae Ib./in) by Chart or | by Steel Beam 
j calculation Theory 
700,000 1000 2) 2 Zee 
pt eta 2.11 
“eA 1250 Pp fay. 2.11 
ope oO. Pia 
g00,000 1000 p Zi. Quek 
pi Pe Zap! 
oD 1250 p 2s Ge lG Bs 
pi i 27k 


namely 0.15 and 0.10, and two values of c, namely 
1000 psi. and 1250 psi., which values under B.S.C.P. 114 
correspond to the two mixes most commonly used in 
practice, namely, 1:2:4 and1:14:3. As explained 
later, these charts can in fact be utilised for the whole 
range of normal design requirements. 

The value of Q is on the safe side so long as the actual 
depth of the compression steel is less than the ratio 
shown, and the error is small. The ratio 0.10 applies 
only to beams over about 24 in. deep, but the ratio 0.15 
is very close for the majority of other cases. The ratio 
naturally depends on the bar diameter and number of 
rows, and in a beam heavily reinforced in relation to 
its depth d’/d may exceed 0.15. For example, in a 
section 134 in. deep overall carrying two rows of I in. 
bars top and bottom it would reach 0.20 ; and for that 
ratio the 0.15 charts could be used with the Q values 
reduced by 2 per cent. at the bottom ranging to 8 per 
cent. at the upper end of the chart. Even in this rather 


*A. Feldman, CONC. AND CONSTRUCTIONAL ENG., March, 19406 
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DOUBLY REINFORCED BEAMS—Charts of Q for c 
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extreme case the adjustment, made by eye, will still give 
a result nearer the truth than the orthodox rough 
calculation. 

In these charts the flat curves are plotted from the 
equation for Q- and the steep curves from that for Qs ; 
they therefore involve no approximations as to lever arm 
or compressive steel stress. At all points along the 
dotted line both materials will be stressed to their 
permitted values. To the right of the dotted line the 
concrete is working at its maximum permitted stress, 
while to the left the tensile steel is the limiting factor, 
being stressed to 18,000 psi. It will be seen that in 
this zone large increases in compressive steel make little 
difference to the strength. 

The method of use is to compute the required value of 
Q from M/dd? and read off p and #’ for that value of Q 
at the dotted line. The chart thus gives both tensile 
and compressive steel requirements at once. Any pair 
of values of # and #’ giving the required Q would be 
satisfactory, but greatest economy is to be expected 
when Ar + Ac (or p + #’) is a minimum, and this 
occurs at the dotted line. The approximate design 
method previously mentioned gives results in the 
vicinity of the dotted line ; designing by the chart 
however is much quicker and less liable to error, giving 
the answer as rapidly as the Steel Beam method, while 
obviating the dubious assumptions of that method and 
generally gaining something in economy. 

Working stresses differing from 1000 or 1250 psi. are 
sometimes required, e.g., when utilising the ro per cent. 
increase allowed for vibrated concrete or when a reduc- 
tion for slenderness is imposed. The charts may readily 
be used for such modified stresses because the values of Q 
in the flat curve zone (curves of Q-) are directly pro- 


line of Qs = 300. 


5 ges TO ep aS ee hee 
TEATS ocd BT, Oa NY ORR 


portional to c, while ‘the Os curves (above the 
line) are practically independent of c. For exam 
use the chart of c = 1000 when the permitte 


1100 :—Compute Q as before, and suppose it is 3) 


Locate the Q = 300 curve at the dotted line. 7 
steep part of the curve is that of Qs, which is unaffec 
a the change in concrete stress ; produce it downwai 


& 

_ 10 Fal 

to meet a.Qe curve equal to — X 300 = 273. a 
Ir ef 

latter as shown on the chart is for c = 1000, aul 
c = 1100 its value would be 300.) This point is the / 
required and gives the requisite p and p’ with qu 
sufficient accuracy for normal design purposes. B] 

For a concrete stress less than that of the chart, as | 
example goo psi, a similar procedure is followed, but 
that case if the required Q is again 300, the Oc a 

Io | 

corresponding to — xX 300 = 333 is taken and exten¢ 

9 i 

beyond the dotted line into the steel zone to meet + 

As before, any pair of values 0 

and #’ corresponding to the extended curve Qc = : 
would also be suitable. 

An advantage of the charts is that the desirability | 
varying either ar or Ac may be seen at a glance. 
example, Ar is usually provided, in part at least, | 
span bars bent up over the support and the neat 
suitable bar arrangement often provides an area 
steel substantially larger than caculation requif) 
The curves show that in such a case the’ compress 
steel could be reduced, and the corrected peice” 0 
be read off direct. Yi | 


The Use of Deformed Steel Bars 
in Reinforced Conctal 


The results of an investigation by an ad hoc committee 
of the Science and Research Committee are published for 
the information of members. 

The Council is confident that the investigation will be 
of considerable value to the Committee who are in process 
of revising Code of Practice C.P.114, “ The structural use 
of normal reinforced concrete in buildings.” 


Introduction 


In reinforced concrete design it is generally assumed 
that the strain in the steel reinforcement is equal to the 
strain in the concrete immediately surrounding it. This 
is substantially true in zones of compression but, in the 
parts subject to tension, the working stress in the steel 
is usually high enough for the strain to be more than 
the surrounding concrete can withstand without crack- 
ing. The size of the cracks formed in this way and their 
_ spacing along the reinforcement depends primarily on 
the bond but is also affected by the strain in the steel, 
the tensile strength of the concrete and its modulus of 
elasticity. 

The stresses adopted in designing reinforced boncrete 
structures using plain bars are limited not only by the 
strength of the steel but by the need to keep the width 
of the cracks in the tension zone small enough to avoid 
corrosion of the steel. 

Insufficient information is available to allow a corre- 
lation between crack widths, bond strength and steel 
stress ; but it is thought that any substantial increase 


in steel stresses would not be possible in exposed str 
tures without dangerously increasing the width of — 
cracks unless a greater degree of bonding can be obtain 

The use of deformed bars in place of plain bars usué 
permits higher steel stresses to be employed, since | 
bond characteristics tend to lead to the formation) 
more numerous but finer cracks. These higher stre 
can often be achieved by merely substituting for p 
bars an equivalent cross-sectional area of deforn 
bars. Other factors have to be considered, howey 
including the strength and elastic properties of the st 
and the possibilities of increased deflection in cert 
members. For example, the use of higher steel stres 
may lead to excessive deflection unless the effect 
depth of members is increased. 

Where it is proposed to use deformed bars in place 
plain bars all these factors require consideration. __ 

It should be emphasised that there has been lit 
experience of the use of deformed bars, other than c 
twisted bars to B.S.1144, in this country, and that 
has been necessary to rely on knowledge gained in ot. 
countries, 

Deformed Bars 


(1) DEFINITION OF DEFORMED Bars 

A deformed bar is any steel bar of material eater 
to clauses (3) and (4) and having surface deformati« 
or being so formed as to develop a greater bond streng’ 


_ when embedded in concrete, than that which would 


developed by an equivalent plain round steel bar. 


c y 
fyi) 


‘Tyres OF DEFORMED BARS 
|wo types of deformed bars are considered :-— 

lype (A) Bars having deformations conforming with 
| requirements of the American Society for Testing 
rerials Standard A305-50 T, as given in Appendix I, 

; or 

ars which can be shown by test (see Appendix III) 
ipossess bond characteristics not inferior to those of 
js complying with the requirements of Appendix I. 
‘ype (B) Cold twisted steel bars complying with the 
suirements of B.S. 1144, “ Cold twisted steel bars.”’ 


Steel for Deformed Bars 
| STEEL FOR Bars or Type (A) 
| General 


Deformed bars of Type (A) may be either hot rolled 
's having a definite yield stress or cold worked bars 
which a proof stress has to be defined. 


at < 


Width of longitudinal rib 
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The minimum values specified in B.S. 1144 for the proof 
stress* of single twisted bars are as follows :— 
For bars under 2% in. diameter or 


thickness ba if 70,000 lb./sq. in, 
For bars 3 in? and over in diameter or Vie 
thickness 60,000 lb./sq, in. 


It is suggested that for cold worked deformed bars 
these limits should be changed as follows :— ; 
For bars up to and including 4 in. f 

fea ha30 3 oy Ne Bn Re af 75,000 lb./sq. in. 
For bars exceeding 4 in. diameter... 66,000 lb./sq. in. 

It is an essential condition for this steel that brittleness 
be avoided. For this reason it is considered that cold- 
worked bars should comply with the following require- 
ments which are not at present specified in any British 
Standard :— 


(i) There should be an adequate margin between - 
proof stress and ultimate stress. Further 


ans or pitch of deformations 


+ Height of deformations 
aa 


Angle between deformations and axis of bar 


Width of longitudinal gap 


g _Fig. 1.—Diagrammatic sketch of a deformed bar showing some of the principal dimensions mentioned in 


He: 


Appendix 1 


_ Nore.—The bar may or may not have a longitudinal rib and the deformations may or may not be staggered on each side of 


re 
Since at a given steel stress the width of cracks tends 
‘be smaller with deformed bars than with plain bars, 
sher working stresses are permissible in deformed bars 
ovided their strength properties are adequate. 


) Hot rolled deformed bars 

High tensile steel complying with B.S. 785, ‘ Rolled 
sel bars for concrete reinforcement,” with a yield stress 
approximately 50,000 lb./sq. in., is adequate for plain 
ws where working stresses have to be limited to avoid 
e danger of. cracking. 

For deformed bars, however, a higher yield stress of 
t less than 60,000 lb./sq. in. for bars over I in. in 
meter or 70,000 lb./sq. in. for bars up to I in. in 
meter is considered advisable. 


| Cold Worked deformed bars 

For cold worked bars the stress corresponding to an 
gation of 0.5 per cent. of the gauge length may be 
cepted as “ proof stress’’* in accordance with B.S. 
44. This is a safer limit than the yield stress of hot 
flea bars, since a structure in which the stress has 
ached this limit is still capable of carrying further load. 


In the current (1943) edition of B.S, 1144, cl. 9, this stress is 


— 


stred to as “‘ yield stress.” 


’ therib. In addition, the direction of the deformations may be alternately reversed or they may be reversed on opposite sides 
| of the longitudinal rib 


experience in the use of cold worked bars is 
necessary before the minimum margin between 
proof stress and ultimate stress can be closely 
specified, but it is considered that in no case 
should the proof stress exceed § of the ultimate 
strength. 

(ii) The “ uniform elongation,” i.e., the permanent 
elongation which occurs in a part of the specimen 
not affected by “‘ necking’”’ should not be less 
than 4 per cent. 4 

(iii) The bar should satisfy:the bend test given in 
Appendix II. 

It should be noted that, with some steels, brittleness 
varies considerably with temperature. Such steels, 
even though satisfactory when tested at normal tem- 
peratures, may prove difficult to bend at very low 
temperatures. 

(4) STEEL FOR Bars oF TYPE (B) 

Reference should be made to B.S. 1144, “ Cold twisted 
steel bars.” vine Ae 

Design 
(5) GENERAL . . 

It is considered that, provided the concrete used 

satisfies the requirements of Code of Practice C.P. 114 
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(1948), Tables x and 2, the basis of design given in that (e) MR a 
Code is applicable to the deformed bars covered by this With deformed bars it may be unnecessary and ma 
investigation, with the following modifications :— even be undesirable to use hooks. = or bars of Type (A 


in tension the minimum value of “‘n’”’ given in C.P. Ir 
(a) Design of Sections . (1948) cl. 307, can be reduced from ef to 8, and for T: E 
The substitution of deformed bars for mild steel can (B) bars from 12 to Io. 
be made without modification of the concrete section, 
provided the deflection does not become excessive. (f) Bends in bars 
Where the section is designed on the basis of mild The radius of curvature of bends in bars should # 
steel reinforcement, the substitution of deformed bars be less than eight times the diameter of the bar. 5 
may lead theoretically to a compressive concrete stress | 
higher than that recommended in C.P. 114 (1948). a 
' Research has shown however that within the range of the APP ENDIX I és 


yield or proof stress envisaged in clauses (3) and (4) the Deformed bars Type (A)—Specified deformations 

load factor against nie failure is not reduced by extracted from A.S.T.M.S. A305-50 T (See als, 

such substitution. American Society for Testing Materials ie | 

; Fig. 1) 

(2) Permissible tensile stresses (a) Deformations shall be spaced along the bar ; 
(i) The maximum tensile stress in deformed bars of substantially uniform distances. The deformations 0 

Type (A) should not exceed one-half the yield or proof- opposite sides of the bar shall be similar in size and shag 


TABLE 1.—Dimensional Requirements for Deformed Steel Bars for Concrete Reinforcement 4 


J 


Nominal dimensions, round sections Deformation requirements 


Deformed FS eh Ee oY ee ia es en Se ee 
bar Unit weight : ; ie Maximum gap (chor 
designation | lb. per ft. Diameter. pine cis Perimeter Pie egn renin iene Aust of 124 per cent. ¢ 
number (a) i sq. in in. 8 aA Speen = nominal perimeter 
corte ; a 


SS | SY eesF 


0.261 0.31 0.08 0.982 0.219 0.013 0.120 
0.376 0.375 sie Ie178 0.262 0.015 0.143 
0.511 0.44 , 0.15 1.375 0.306 0.017 0.167 
0.668 0.500 0.20 1.571 0.350 0.020 0.191 
0.850 0.56 0.25 1.767 0.395 0-023 0.216 
1.043 0.625 0.31 1.963 0.437 0.028 0.239 
I.502 0.750 0.44 2.350 0.525 0.038 0.286 
2.044 0.875 0.60 2.749 0.612 0.044 0.334 
2.670 1.000 0.79 3.142 0.700 0.050 0.383 
3.400 I.125 I.00 3-544 0.790 0.056 0.431 


(a) Bar numbers are based on the number of eighths of an inch included in the nominal diameter of the bars. - 
diameter of a deformed bar is equivalent to the diameter of a plain bar having the same weight per foot as the deformed bar. 


stress, or 33,000 lb./sq. in., whichever is the less. In (b) The deformations shall be placed with respect t 
slabs, however, the limit of 33,000 lb./sq. in. may be the axis of the bar so that the included angle is no 
increased. to 37,000 lb./sq. in. less than 45 degrees. Where the line of ere: | 

(ii) For bars of Type (B) the maximum tensile stress forms an included angle with the axis at the bar of fro: 


should not exceed 27,000 Ib./sq. in. or, in slabs, 30,000 Ib./ 45 degrees up to and including 70 degrees, the deforma 
sq. in. tions shall alternately reverse in direction on each side 

Where the increased stresses in slabs given in (i) and or those on one side shall be reversed in direction fror 
(ii) above are used, it is considered advisable that the those on the opposite side. Where the line of deforma 
span/depth ratio should not exceed 80 per cent. of the tions is over 70 degrees, a reversal in direction is no 
value given in Table 10 of Code of Practice C.P 114.100 required. 


(1950), “‘ Suspended concrete floors and roofs.”’ ; ; 
(c) The average spacing or distance between deforma 


(c) Permissible bond stresses tions on each side of the bar shall not exceed seves 


The permissible bond stresses in deformed bars may I Re eg tte eaget C wetlae Hee Soe 


exceed those allowed in C.P. 114 (1948) for plain round (d) The overall length of deformations shall be suc! 
bars by the following percentages :— that the gap between the extreme ends of the deforma 
Type (A) deformed bars ... a Pah Aas tions on opposite sides of the bar shall not excee: 

-- IO per cen t. of th inal perimeter of the baz 

The Committee i is satisfied ‘that the above bond stresses Ht Sh seen ace ae Honicen S a loneitedina ri 
can be used without increasing the minimum cover the width of the longitudinal rib shall be considered a 
recommended in C.P. 114 (1948). the gap. Where more than two longitudinal ribs ar 


. é involved, the total width of all longitudinal ribs shai 
(4) Tolerances in bar diameters not exceed 25 per cent. of the nominal perimeter of th 

Where bars are supplied with a tolerance both above bar ; furthermore, the summation of gaps shall n 
and below the nominal diameter then the stresses should exceed 25 per cent. of the nominal perimeter of the bar 
be estimated on the basis of the minimum diameter The nominal perimeter of the bar shall be 3.14 times th 
permitted and not the nominal diameter. nominal diameter. 


% 


a The average: height of deformations shall be not 


s than the following percentages of the nominal 
meter of the bar :— 


Minimum height 


leformed bar of deformations : 


‘designation percentage of 
- riumber nominal diameter 
of bar 

*24 ao sis's ban 34 
f 3 eld. Soa oN: 4 

*34 Sree a nae 4 

ee st 2 4 
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; 6 and over ae ae 5 
(f) The spacing, height and gap of deformations shall 
nform to the requirements prescribed in Table 1. 


*These bar sizes have been interpolated by the Committee to 
respond with bar sizes used in this country. 


APPENDIX II 


| Bend Test for Cold-worked Deformed Bars 
Test. The specimen shall withstand without fracture, 
ung bent by pressure to a U-shape, round a pin the 
ameter of which is six times the diameter of the bar. 
he test.shall be made at a bar temperature of between 
°F, and 70°F. 


Test Pieces. The specimen shall be of sufficient length 
y ensure free bending. 


Apparatus. The apparatus used for carrying out the 
st shall be such as to provide for the following :— 

I. Continuous and uniform application of force 
iroughout the duration of the bending operation. 

2. Unrestricted movement of the specimen at points 
contact with the apparatus. 

3. Close wrapping of the specimen around the pin or 
andrel during the bending operation. 


“APPENDIX III 


Measurement of Bond 


ay 


) GENERAL 
There is an’ essential difference in the mechanism of 
md failure between the normal smooth round bar and 
deformed bar. With the smooth bar the bond 
Tess at a point on the bar builds up to a maximum 
ue and then decreases ; this action progresses along 
e bar and final failure takes place by crushing of the 
merete in contact with the bar and its consequent 
thdrawal from the concrete. With deformed bars, 
ywever, the contact surface is such that mechanical 
sdging takes place between the concrete and the 
eel ; the bond stress rises to high values and final 
ilure is generally by bursting, in tension, of the concrete 
ver on the steel. The deformed surface specified in 
ppendix I is of the type that consistently produces the 


echanical wedging necessary for high values of bond 


fe 
Be. 
) COMPARATIVE TESTS OF BOND CHARACTERISTICS 

e specification for surface deformations given in 
pendix I is the result of an extensive investigation 
tried out in the U.S.A. Deformed bars not complying 
h this specification should be subjected to a series of 
ts to demonstrate that their bond properties are not 
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inferior to those of a bar complying with the require- 
ments of Appendix I. 

The following tests may be used for the purpose of 
the comparison and should be made on at least three 
specimens of the proposed new bar and three control 
Fea complying with the requirements of Appen- 

ule 
The technique of bond testing is not yet sufficiently 
well established to enable standard details for these 
tests to be laid down. It is, however, essential that 
conditions of testing should be identical throughout 
each series of comparative tests. The concrete strength 
at the time of testing should be between 3,000 and 
4,000 lb./sq. in. The concrete quality should be care- 
fully controlled throughout the series of tests and the 
mix and cube strengths of the concrete recorded. 


(a) Pull-out test 


The bar should be embedded vertically in a block of 
concrete providing a cover of about three bar diameters 
to the steel. The length of embedment should be 
twelve diameters. The concrete block should be ade- 
quately reinforced against bursting by either independent 
steel stirrups or helical binding of sufficient diameter 
and pitch, placed approximately midway between the 


axially embedded bar and the outer surface of the 


concrete. 

The test specimen should be mounted in a suitable 
testing machine in such a manner that the bar is pulled 
axially from the block. The end of the bar at which 
the pull is applied must be that projecting from the top 
face of the block as cast. A packer of rubber or similar 
material with a thickness of approximately } in. should 
be placed between the concrete surface of the block and 


the surface of the test rig. The rate of loading should 


be the same for each test. 

A suitable dial gauge should be attached to the 
unloaded end of the steel bar with the spindle in contact 
with the concrete in such manner that the gauge records 
the relative slip. The load at which a relative slip of 
one-twentieth of an inch takes place should be recorded 
for the purpose of comparison between the types of 
bar under test. 


(b) Beam tests 


Tests of this type depend upon the available facilities 
but will provide valuable information concerning crack 
formation and spacing, etc. The size of beam will be 
controlled by the size and capacity of the test frame 
although tests may be devised in which pairs of beams 
are coupled together at the ends and the load then 
applied by jacks placed between the beams. ‘‘ Four- 
point ’’ loading has most frequently been used for tests 
of this type. : 

The section of the beam should be designed to suit the 
purpose of the test and ensure that the beam does not 
fail by compression of the concrete or diagonal tension 
before the comparative bond characteristics of the bars 
are made evident by the width and spacing of the cracks. 


(c) Embedded rod test 
In this test a steel bar embedded axially in a concrete 


prism is subjected to a tensile pull applied at each of 


the projecting ends. Provided the test can be carried 
out on a sufficient length of bar, comparative information 
may be obtained on the bond characteristics of different 
kinds of surfaces. It may be stated that the results 
of tests of this type are not generally conclusive but the 
test results are often worth consideration in conjunction 
with tests (a) and (0). 


Pe’ txt, vw. 
, ee od ee 
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Correspondence 


The Institution, whilst being at all times pleased to open its columns 
to correspondence, cannot accept responsibility for the opinions expressed 


To the Editor of THE STRUCTURAL ENGINEER. 


Prestressed Concrete Bridges and other Structures 
By Donovan H. LEE, December, 1952 


Sir—The writer found this paper of the greatest value 
and would be glad if the author could amplify some 
points. 

A reference to an improved type of pile head was 
made on page 306, and details of this would be useful ; it 
had occurred to the writer that the disintegration often 
seen was due to the impact not being applied simul- 
taneously to the concrete and the bars, and that the 
cost of an improved head would be offset by the great 
increase in rate of driving possible with heavier blows, 
and found with the Franki and other types of mandrel 
pile. 

The writer could not agree with the statement on 
page 306 that distributing the bars around the periphery 
gave any improvement in moment resistance ; the same 
statement was also seen repeated elsewhere in regard 
to. beams, but the reverse appeared to be correct to the 
writer. If the distributed bars were to resist the same 
ultimate moment as the same bars clustered near their 
centroid, they would all have to reach their ultimate 
stress simultaneously, but this could not be the case, as 
those in the compression zone would actually decrease 
in stress : the clustered bars were therefore more effi- 
cient, and this applied at working stress as well as at 
ultimate load, as the working stress was usually higher 
than the proportional limit of the steel. 

The design shown in Fig. 21 appeared to apply load 
at the extreme edge of the girder flanges, and to apply 
torsion to the girders, resisted by struts : it seemed to 
the writer that the struts would add further load to the 
edge of the flanges, and the arrangement appeared 
dangerous. The writer had been impressed by the 
extreme weakness of thin sections in torsion (unless they 
were box-shaped). The weakness was not due to over- 
stress, but to the small rigidity of such members in 
torsion, and the struts would be called on for all such 
stress resistance. 

The variation in stress at the level of the cables was 
stated on page 310 to be only 500 Ib./sq. in., but this 
could only apply to special cases such as composite 
beams. In normal prestressed beams the initial stress 
much exceeded 2000 lb./sq. in., and the stress under 
full load was tensile, and the variation at the level of 
the cables could easily be 2000 lb./sq. in. In the 
secondary beams at London Airport this variation was 
1900 lb./sq. in., with 15 in. “‘ cover’ to the bars, and the 
variation would be larger with small cover. 

The variation in steel stress would be at least four 
times this, and probably more, and with bars stressed 
to 80,000 lb./sq. in. the variation in stress due to live 
load would be over Io per cent., but with wires stressed 
to 120,000 lb./sq. in. it would be reduced, but still could 
exceed 7 per cent. 

In composite beams a large part of the superimposed 
load was due to the cast im situ deck, as on the Tampa 
Bay Viaduct of Fig. 29, and as the deck load in this 
example was 50 per cent. of the live load, the variation 
in stress was correspondingly reduced, but was greater 


than the 500 tb, /sq. in. quoted as not generally being 
exceeded by the author. FI 

The H-20 loading used in this example appeared to be 
less than half of the British Standard Loading, and le $s 
than two-thirds of the H-20 loading given in a popular 
American text-book* on bridges, and the writer would 


and CONTRACTORS RECORD. 
Yours, etc., 
R. G. RoBEeRTSON (Member). 
Johannesburg. 
February 27th, 1953 


To the Editor of THE STRUCTURAL ENGINEER. 


Sir—lIn answer to the questions put by Professor Robert 
son the occasional disintegration of a pile head is no doubt 
primarily due to the principal tensile stresses whick 
develop due to uneven impact pressure, particularly 
where the centre of pressure is eccentric and the concret¢ 
is not sufficiently restrained by the binding at the head 
They may be too briefly explained but I do not thinl 
that the varying speeds of the stress waves in the stee 
and the concrete are of primary importance as regards 
the head failures normally encountered but, of course, 
I am not overlooking the high head stresses disclosed in 
the research by Drs. Glanville, Grime and Fox. 4 

I do agree, of course, that driving hollow piles with é 
mandrel has many advantages particularly for pre 
stressed piles ; hollow prestressed piles have not yet, se 
far as I know, ‘been driven that way but that is probably 
only because they could be driven safely and ce | 
cheaply with a special helmet. 

With regard to page 306, it is of course correct as 
stated in the paper that the greater ultimate strength) 
for given concrete and high tensile steel areas, is obtainec 
by having the steel at the periphery. If it is at the 
centre, although it has the apparent advantage of 
being. ‘usable in tension, the concrete strains on the 
tensile face prevent more than about 3 the full strength 
of the steel being used at about half the normal lever arm} 

In the design shown in Fig. 21 the slabs are bolted or 
to the web stiffeners and not applied to the flanges, anc 
what appears to be struts are in fact tiles and water: 
proofing used to protect the bottom flanges of the girder 

As regards the variation in concrete stress due to the 
fluctuation of live load and my pointing out that the 
variation in steel stress is small and only m times 
500 lb. per sq. in. in the case mentioned on page 310 
the figure of 500 lb. per square inch may be a little low 
for an average case. However, for the three larger 
contracts mentioned in the paper the change in concreté¢ 
stress adjacent to the lowest bar due to application o: 
the live load was of the order of 500 Ib. per square inck 
for the Tampa Bridge, 900 lb. per square inch for the 
Lee Conservancy Culvert and 1100 lb. per square inch 
for the bridge at Sheffield ; using this latter figure th 
range of steel stress is still only about 24 tons per square 
inch. Values of the order of 2,000 lb. per square inck 
are not usual, when the fluctuating live load only is 


*L. E. Grinter, THEORY OF MODERN STEEL STRUCTURES) 
Vol. 1. 


isidered, and, of course, tensile stresses in the concrete 
der live load are not used in a fully prestressed 
ucture ; for partial prestress the considerations are 


'a text-book differed from that quoted, may be 
Jained by the fact that the loading used generally 
design was H15 but a check was made to ensure that 
der H2o there was no tension in the main beams. 
ie stresses mentioned in CIVIL ENGINEERING (London) 
er to H15 while both were given in CIVIL ENGINEERING 
.8.A.) for January, 1953. 
hs a Yours, etc., 

Donovan H. LEE (Member). 


) the Editor of THE STRUCTURAL ENGINEER. 


Straub’s History of Civil Engineering 
Sir—Excuse the combination of a Letter with a Book 
eview, chosen because I wish to rouse not only interest 
it the discussion of a grievance shared by all who hope 
r an “understanding of the history of our art,” 
ithetically claimed by Professor A. G. Pugsley in 
TE STRUCTURAL ENGINEER, 1951, p. 14. “‘ cremona”’ 
a noun in some Eastern languages and means his 
ypular diagram. But do we really know much more 
- Luigi. Cremona, the late, lovable professor of Milano, 
- of the correspondence of mutual esteem between 
m and Sir Thomas Hudson Beare, of Edinburgh, and 
arl Culmann of Zurich fame? Cremona’s works, 
onumentally edited by the Italian Academy, are 
dly missing in our Institutions and, like the treatises 
Alberto Castigliano, or for that matter, of our own 
lerk Maxwell, must be traced in the British Museum. 
Editors, firms, public authorities are strictly served 
ith author’s acknowledgements : yet who but Otto 
ohr, Professor Fisher Cassie and a few textbook 
riters care to reveal the true sources of our science ? 
ven the conscientious Dr. S. Stewart forgot to name 
rof. E. Winkler, the brilliant inventor of his Influence 
ines (1947). Worst offenders are oversea. 

This is why we hailed whole-heartedly Mr. Hans 
Taub’s History of Civil Engineering (Basel 1949), 
jw available in English (London, 1952). There were, 
course, histories of architecture, science, mathematics 


id inventions and monographs on limited subjects, 


<e Todhunter and Pearson’s on the theory of elasticity, 
> Dr. S. B. Hamilton’s recent sketch on structural 
lalysis. But the bulk of records was dispersed in 
sriodicals, much of it in the JOURNAL OF THE INSTITU- 
ON OF CIVIL ENGINEERS, and in Continental collections, 
ostly of the past century. 


q 
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Thus Mr. Straub can be congratulated on having 
broken almost virgin ground. The coign of vantage 
of this Swiss engineer residing for years in Rome was 
well chosen. He is familiar with art and building, 
well-read in our French ‘‘ founder-fathers’”’ and if he 
slightly favours Swiss descriptions and German authors 
to the detriment of English, this is neither wonder nor 
reproach for the pioneer work of an amateur in the 
noblest meaning of the word. 

Perhaps his dual purpose, to reach engineers and the 
general reader as well, was no advantage. However, it 
helped us to some views on architecture, on contractors- 
plant, on mathematics, etc., and to the welcome refresher 
of selected illustrations, After all, in many matters 
we are general readers ourselves. There is ample 
documentation without the dry thoroughness of pro- 
fessional historians, a good—if not exhaustive—index 


and an interesting chronological table. Nor does 


Mr. Straub hide his own opinions on culture, taste and 
education. 

Mr. E. Rockwell’s translation clung too much to the 
original wording, quotations in foreign languages and 
bracketed dimensions in meter will appeal less to English 
readers, also a few terms of trades and of analysis sound 
rather foreign. Perhaps in the next edition the knight- 
hood of Sir Benjamin Baker will be restored, even if 
Sir Isaac can dispense with a title. 

Hoping for this event and before we shall be swamped 
with a less generous production of our American brethren, 
this book, of much educational value, should appear 
in all technical colleges, secondary school and public 
libraries and—#ace, resident and administrative civil 
engineer ! on your bedside table : it is the true detective 
story of your own trade, 

Only then will the spirit of humility and of thankful- 
ness to our betters return to our graduates and to 
engineers who ceased to be readers along time ago. And 
then we shall be spared the foreword of an otherwise 
quite readable book on bridge structure (London 1930) 
to be pilloried as follows : 

“|, . but a knowledge of mathematics is of less value 
to the practical engineer, than a gift of expression ”’ 
(salesmanship ?) “‘... men can readily be hired to 
make calculations . . . the really difficult problems of 
structural engineering are not mathematical and he is 
able to employ mere computers for much of his work, 
because mathematics required are elementary and really 
important matters are settled by judgement and experi- 
ence rather than by calculations” (vide failure of 
Tacoma Narrows). 

By all means, gentlemen, let us learn history ! 

I am, Sir, yours very faithfully, 
P. M. TEZNER (Member). 
Sydney, 
Aprilfroth, 1953. 


=. ‘Book: Reviews 


concrete in a structure is to have the necessary desirable 
qualities such as compressive and flexural strength, then 
he must give some attention to its manufacture. We 
are gradually moving towards the time when it shall 
become essential, as some members of the Institution 
have already suggested, for all qualified structural 
engineers to have training in concrete technology. In 
this respect, I quote from the first chapter of Mr. 
Stewart’s book. 


‘* While it can be argued that there is little reason for 
including the metallurgy of steels in the curriculum of. 


a ee ee 


' examine our own ideas. 
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the civil engineering student because he will never be 
called upon to carry out steel production on site, the 
same argument by no means applies to the production 
of concrete. Despite the fact that concrete-making 
is as complicated a chemical engineering process as the 
other, and furthermore is conducted in extremely difficult 
conditions of environment and labour, the student is 
given only the most superficial instruction in the subject. 
Bearing this in mind it is little short of miraculous that 
the combined use of concrete and steel has reached the 
point of efficiency it has to-day. Progress in structural 
design demands that a much more complete course in 
concrete technology should be available to students, 
where they may learn the elements of making and placing 
high-quality concrete—a material for which they them- 
selves will be responsible in later life.” 


This is not a book for the superficial reader, or one 
that provides all the answers. It requires careful study 
and close attention and should provoke discussion and 
controversy. It places the technique of the design and 
manufacture of concrete on a high scientific plane, 
challenges present-day concepts and preaches new 
theories, particularly in the realm of compaction by 
vibration. One does not, at the first reading, agree 
with all that Mr. Stewart says—not by any means—but 
what he says is sufficient to make us think and re- 
In doing this Mr. Stewart has 
achieved something which is fundamental to a serious 
critical study. 


One can easily criticise adversely, but as the book 
will be read by many who are not students or research 
workers, it would be useful if in a revised edition Mr. 
Stewart discussed the analysis of vibration in more 
simple terms with illustrations that even a foreman in a 
precast concrete factory could understand. The same 
remarks apply to his theory and method of mix design, 
which could be improved by practical examples. 


One important feature completely missed from the 
book is the subject of curing. Granted it is not included 
in the title, which limits the subject to “ design and 
placing,’ but Mr. Stewart will be the first to agree that 
all efforts in design and techniques in placing will be 
completely lost if the concrete is not adequately cured ; 
without curing the strength of which the cement is 
capable will never be realised. This is not condemnation 
of the book, but a suggestion that in future editions it 
should be included. 


True economy in cement lies in making better and 
stronger concrete and the vibratory method of com- 
paction which Mr. Stewart discusses so extensively in 
this book, together with the other methods such as 
pressure and spinning, is bound to be used more and 
more extensively in achieving this desirable result. All 
serious students of concrete manufacture should read 
this book. 


Wats: 


Mechanics—Part I, Statics, by J. L. Meriam. 
(London ; Chapman & Hall.) gf in. x 6 in., pp. 340. 32s. 

At first sight, this book appears to be of more interest 
to mechanical than to structural engineers because so 
many mechanisms are illustrated ; but the theory of 
statics underlies all structural engineering, and this 
work is an original and interesting approach. 

There are in effect ten sections, covering basic princi- 
ples, force systems, equilibrium in 2 and 3 dimensions, 
the andlysis of simple frames and a good discussion on 
the centroids of areas and volumes. There are short 
sections on flexible cables and hydrostatics, an intro- 
duction to shear and bending in beams, and a chapter 


” ss | dial St Vy «<< ee ae £8, ? eee? s & " te, 4, 
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' necessary to assimilate its concentrated contents i 
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on Virtual Work and its application to frames 
linkages, 

The author’s object has been to develop in the r 
the ability to isolate essentials in practical problems, an 
to tackle them logically. He does this by including 
large number of problems illustrated by excellent ar 
informative diagrams. Here are no disembodied b. ut 
poised mysteriously in space : the whole appliance @ 
structure is shown, and the problem becomes real 
lifelike. There are some 700 examples covering a s 
prising range of statical applicatidns, varying from | 
claw-hammer drawing a nail through a variety @ 
structures to a compound bolt-cutter less innocent thai 
it looks. Answers are given to more than half th’ 
examples. 3 

The text occupies less space than the problems, bu 
it is lucid, concise and admirably written. The treat 
ment proceeds from first principles, each section bein} 
followed by examples arranged in order of increasinj 
difficulty. If a criticism is to be made, it is that th 
advance is perhaps too swift. On the other hand, som 
of the examples appear more difficult than they are, ag 
this, too, is true to life. 

The high standard of production is the only Ameri 
note about this book, which may be commended to al 
engineering students and indeed to older men. Thi 
publishers describe the work as a refreshing treatmen 
of the subject ; the claim is just. 

pa Heo 


Strength of Materials, by ire B. Thirlweli 
B.Sc.(Eng.). 206 pp., 8$ in. X 5% in. (Macdonald 
London.) Price 20s. 

Although this is described as “a student’s book,” thi 
qualified engineer will find it a mine of information ant 
may be glad to turn to it again and again in the cours 
of his work. 

Here, ready to hand and very clearly stated, he wil 
find all the theorems and principles involved in th 
subject of Strength of Materials, from Hooke to Cas 
tighano, together with many of the more useful applica 
tions of those theorems and with numerous exercise 
added for good measure. 

The preface states that “ The intention is to presen 
the basic theory of Strength of Materials with eucnat 
included to cover the whole of Part 1 B.Sc.(Eng.) fo 
London University and sufficient additional material t 
make the work suitable for the Higher National Cer 
tificate candidate.”’ 

The author is to be congratulated on achieving hi 
object with such an economy of words and havin; 
produced a book which, although employing orthoda 
methods almost exclusively, is never ponderous 0 
obscure in its presentation. 

For the student the value of the book is enhanced b) 
the inclusion of an introduction to the subject of Influence, 
Lines : the chapter on Strain Energy is particularh 
good, and a final chapter on The General Properties 
Materials deals with such matters as Tensile Tests 
Fatigue and Creep. 

This book could be expanded quite easily to two o 
three times its present size without padding or undu 
digression, and for this reason the student will find i 


small doses. 

The print and binding are good, the 110 diagrams ar 
very clear, and for a first edition, there appear to be fev 
printing slips. On page 72, 21 appears as 21 ané 
logy A in Fig. 110 should be logi. A. Also, owing t 
their similarity, the use of the symbols 8 and 0 is rathe 
confusing in some parts of the book. 

. C, Aa Re is 
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ee a. Notices and Proceedings 


ORDINARY GENERAL MEETING 


An Ordinary General Meeting of the Institution of 
tuctural Engineers was held at 11, Upper Belgrave 
eet, London, S.W.1, on Thursday, June 25th, 1953, 
>. p.m. Mr, FE. Granter, B.Se¢.(Eng:), “M.I.C.E., 
.Struct.E. (President), in the Chair. 

The following members were elected in accordance 
ith the Bye-Laws. Will members kindly note that 
ie elections as tabulated below should be referred to 
hen-consulting the Year Book for evidence of member- 


up ? 
STUDENTS 


LDRED, Donald Herbert, of Epsom, Surrey. 

RADLEY, Denis, of Wembley, Middlesex. 

ROWN, Francis Stanley, of Scunthorpe, Lincs. 

ARTER, Clifford, of Salford. 

HESTERTON, Charles John, of London. 

HIN KEE KHEONG, of Brighton. 

RITCHLEY, Leslie Barker, of Swinton, Lancs. 

EESON, Thomas Godfrey, of Port Elizabeth, South 

Africa. 

IXON, Gerard, bt Manchester. 

ULSON, William, of Salford. 

RANCIS, Rhys Hugh, of London. 

IBBONS, John Frederick Pearson, of Aston-on-Trent, 

Nr. Derby. 

RUNDY, Frank Stephen, of Swinton, Lancs. 

[ARRIS, George Graham, of London. 

OWES, Roy, of Bolton. 

(UGHES, Robert Edward, of Saughall, Cheshire. 

(UNTER, Kenneth, of Hayes, Middlesex. 

OURSOUMBAS, Phidias Georghou, of London. 

EE TECK CuHiow, of Brighton. 

IDDLEMISS, Joseph Watson, of Newcastle-upon-Tyne. 

lORGAN-GREEN, Peter, of London. 

fORRIS, Anthony, of Upton-by-Chester, Cheshire. 

ERRY, Ronald Edward, of London. 

EYNOLDs, David Edward Holden, of Scunthorpe, Lincs. 

METHURST, Gordon James, of Bolton. 

PEIGHT, Peter Alfred, of Leeds. 

HOMASON, William Brian, of Esher, Surrey. — 

JEDLAKE, David Harry, of Cyprus, ME.LF. 

JELLINGS, Paul Eustace, of Bishops Stortford, Herts. 

[ILLINGTON, John Ernest, of Manchester. 

Joop, George Alan, of Gateshead. 

‘oy { 

3 GRADUATES 

AILEY, ‘Frank, of Salford. 

ARNWELL, Derek, of Audenshaw, Lancs. 

EVAN, lorwerth, ‘of Port Talbot. — 

HANDARI, Dali Ardeshir, B.E.(Civil) Poona, of Bombay, 

E, Vitthal Sadashil, B.E.(Civil) Poona, of Poona. 

ein Harold George, B.Sc.(Hons.) Wales, of 

ontypool, Mon. 

LARKE, Dennis, B.Sc.(Civil) Durham, of Newcastle- 

‘upon-Tyne. 

OLLIER, Ian, of Stretford, Nr. Manchester. 

x John Gordon, B.E. (Civil) Queensland, of Brisbane, 

Australia. °- 

AR, George Cornelius, B.Sc.(Eng.) London, of Portis- 

head, Somerset. 

MPSEY, Bernard, of Sale, Cheshire. 

ZoTT, Hubert Edward, B. Se. (Hons.) Swansea, of 
Bs Talbot. 


Fairey, Archibald Thompson, B.Sc.(Eng.) Edinburgh, 
of Wakefield. 

Foster, Denys Willshaw, of Manchester. 

GEESON, David Arthur, of London. 

Ham, Roderick Thomas Mathieson, A.R.I.B.A., of 
London. 

Harrison, David Baldwin, 
London. 

HeEatTH, Roy Edward, of London. 

HuGueEs, Gareth, of Llanelly. 

JOHNSON, Geoffrey Philip, of Banbury, Oxford. 

Jupas, Josef Erwin, of Birmingham. 

KELLy, Charles Joseph, of Manchester. 

KENNEDY, Christopher David, of London. 

Krawczyk, Eugeniusz, of London. 

LukeEr, Colin Rae, of London. 

MACKENZIE, Roy Macgregor, of Edinburgh. 

Mitts, Ralph Lawson, of London. 

Moore, John Denis, of London. 

Moran, Thomas Francis, of Liverpool. 

MorGAN, Robert Evan, of Bridgend. 

MurpuHy, Thomas Philip, of Rusholme, Manchester. 

Murray, Stewart Forbes, of Stoneleigh, Surrey. 

PATRICK, John George, B.Sc.(Eng.) London, of Banstead, 
Surrey. 

PuHatp, Brian ‘Trevor, 
Keighley, Yorks. 

PRITCHARD, Jonathan, 
London. 

ProssER, William Henry, of Bridgend. 

RADCLIFFE, George Frederick, of London. 

RypeErR, Donald Edgar, of Manchester. 

SCHUBERT, Sydney, B.E.(Civil) Queensland, of Queens- 
land, Australia. 

Srmmonps, Stanley Bryan, of Birmingham. 

Simmons, Maurice Arthur, of Birmingham. 

STEWART, Peter Henry, of Loughborough. 

SUTCLIFFE, Roy Holtham, of Bolton. 

TAGuE, Lancelot James, of Wallasey, Cheshire, 

WuitE, John Davis, of Aldermaston, Nr. Reading. 


B.Sc.(Eng.) Rand, of 


B.A.(Hons.) Cambridge, of 


B.A.(Hons.) Cambridge, of 


ASSOCIATE-MEMBERS 
AutuwattiA, Devi Chand, of Punjab, India. 


Duncan, John, B.Sc.(Civil) Glasgow, of Glasgow. 
Ropinson, Thomas Algie, A.M.I.C.E., of Dunfermline. 


MEMBERS 


JORDAN, Sydney Kenneth, A.M.I.C.E., of Claremont, 
Cape. 


TRANSFERS 


Students to Graduates 
CLaRK, Tony Allen, of Chigwell, Essex. 
Davies, Colin, B.Sc.(Eng.) London, 
Rhondda. 
LANE, Dennis John, of London. 
LEADBEATER, Geoffrey, of Knutsford, Cheshire. 
Wixkes, Brian Edward, of Worcester. ; 


of Treorchy, 


Graduates to Associate Members 


Bartle, Peter Ronald, of London. 

Burr, Robert William, of London. 

DHAVALIKAR, Dattatray Ganesh, 
Ahmedabad, India. 


B.E.(Civil), of 
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DIVERALL, William, B.Sc.(Hons.) (Civil) Glasgow, of 
Glasgow. 

Fincuam, John Gordon, of Sutton, Surrey. 

Finn, Edward Vivian, of London. 

HALE, Brian Thomas, of Fremantle, W. Australia. 

Jotty, Roy Cecil, B.Sc.(Eng.) London, of Nottingham. 

KIMBER, Basil Richard, of Woodford Green, Essex. 

Loncsottom, Derek Patterson, B.Sc.(Civil) Durham, of 
Bradford. 

SuBBA Rao, Tippur Narayana Rao, B.E.(Civil), of 
Bombay. 

SuNDLO, Nils Asbjorn, of Norway. 

TRANFIELD, William, of Wembley, Middlesex. 

WoopsurN, George, B.Sc.(Hons.) Edinburgh, of Van- 
couver, Canada. 


Associate Members to Members 
Bartlett, William Harry, of Nakaru, Kenya. 
Hooker, Arthur Vernon Robert, A.M.I.C.E., 
Talbot, Glam. 


of Port 


_ Pink, Ronald Norris, M.B.E., of Mitcham Park, Surrey. 


Sty, Victor Stanley, B.Sc.(Civil), A.M.1.C.E. Birming- 
ham, of Kuala Lumpur, Malaya. 


Member to Retired Member 
MARSHALL, Allan Edward, of Ashford, Kent. 


OBITUARY 


The Council regrets to announce the death of JOHN 
DunLop ANDERSON, DAVID WILLIAM DITCHBURN, PAUL 
THorz, THoMAS WALLIS, ERIC GEORGE WILLEY (Mem- 
bers) ; THEODORE DELABERE BARKER (Retired Member) ; 


HERBERT WALKER HIGSON, ERNEST JONES (Associates) ; 


Victor THomMAS Low, GEORGE FREDERICK POPPLETON, 
FRANZ HERMAN PREIJER, ELLIOTT REEVE, EMMERICH 
ROSENBAUM, ERNEST VICKERS (Associate-Members). 


Mr. J. DUNLOP ANDERSON 


Mr. J. Dunlop Anderson, O.B.E., J.P., M.A., B.Sc., 
M.I.Struct.E., who died on F ebruary 26th at the age of 
7I, was a former member of the Council. He had been 
a member of the Institution since 1931 and was a Past 
Chairman of the Scottish Branch, in the affairs of which 
he took the keenest interest. Mr. Anderson was born 
and educated in Glasgow. After graduating in 1908, he 


taught for a time before deciding to make engineering ~ 


his career. He then became an apprentice with Alexan- 
der Findlay & Co., Ltd., of Motherwell. His professional 
work included the construction of bridges and dams in 
Egypt and the Sudan. In addition to engineering, 
Mr. Anderson continued his interest in education, 
particularly in connection with technical and University 
education in Glasgow, and in October, 1946, he was 
elected an Assessor of the General Council on the 
University Court. 

He was a man of wide interests, friendly and forth- 
right, and his loss is deeply felt in Scottish engineering 
and educational circles. 


Mr. Scott H. Hume 


Mr. Scott Hamilton Hume, M.I.Struct.E., who died 
suddenly on December 24th, in his sixty-second year, 
had been a member of the Institution since 1924. He 
was awarded the Institution Bronze Medal for a paper 
on site organisation which he read during the Session 
1942-43. 

Mr. H. A. WHITAKER 

Mr. H. A. Whitaker, M.Eng., A.M.I.C.E., who died 
on January 26th, was 61. He was elected a Member 
of the Institution in 1923, and was a Past Chairman of 
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the Yorkshire Branch and of the Lancashire and Cheshire; 


for a paper on the mechanical solution of influence 
diagrams, read before the Lancashire and Cheshire 
Branch during the Session 1931-32. 


RESIGNATION 


Notification was given that the Council had accept ‘ 
with regret the resignation of CHARLES HAROLD HEAT. 
COTE (Retired Member). 


FORTHCOMING MEETINGS 


The following meetings will be held at 11, Upper! 
Belgrave Street, London, S.W.1. ‘| 


Thursday, October Ist, 1953 | 


Presidential Address, by Lt.-Col. R. F. Galbraith) 
M.C., Rik.) B.oc:) MA-Strct Ek. Aro. LCE: 6 p.m. : 


Thursday, October 22nd, 1953 


Ordinary General Meeting, for the election of menball 
5-55 p-m., followed by a Joint Meeting at 6 p.m., with the 
British Iron and Steel’ Research Association and the’ 
Engineers’ Group of the Iron and Steel Institute 
when Mr. J. S. Terrington, B.Sc.(Eng.), A.M.1. C.E. 
A.M.LStruct.E., and Mr. J. M. Hawkes, B.Sc., Ph.D, 
A.M.I.C.E.; A.M.LStruct.E., will give a paper or 
“ Crane Gantry Girders for Steelworks.” ‘ 


EXAMINATIONS—JAN UARY, 1954 


The Examinations of the Institution will next be hele 
at centres in the United Kingdom and overseas o1 
January 5th and 6th (Graduateship), and January 7th 
and 8th, 1954 (Associate Membership). 


REPRESENTATION : 


The Council has made the following nominations q 
members to represent the Institution :— 


City oF NOTTINGHAM EDUCATION COMMITTEE, ADVISOR! 
COMMITTEE : 


Mr. D. G. Milloy (Associate-Member). 


IMPERIAL COLLEGE OF SCIENCE AND ahem 
Concrete Technical Advisory Committee : 
Mr. Ernest Granter (President)—reappointment. _ 


HONOURS AND AWARDS 


In offering their sincere congratulations to the follow 
ing member on the distinction recently conferred upo} 
him, the Council feel that they are also expressing a 
good wishes of the Institution : 


ORDER OF THE BRITISH EMPIRE—M.B.E. 
Mr. A. E. Cotton (Member). 


ENGINEERING, MARINE AND WELDING 
EXHIBITION 


The Directors of the Engineering, Marine and Weldin 
Exhibition, which will be held at Olympia from Septem, 
ber 3rd to 17th, 1953, have invited all members of th 
Institution to visit the Exhibition on Tuesday, Septem 
ber 15th, 1953. Tickets of admission, each availab! 
for two persons, which may be used for the official visi 
or on any other single day, may be obtained on applice 
tion to the Secretary. 


; COMMUNICATIONS TO MEMBERS 
The Institution is experiencing difficulty in receivin 
replies to communications addressed to the underno 
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Beibors, dnd fhe ee outa be glad to be notified 
f their present addresses :— 


~ R. S. Thompson Member. 
_ W. S. Blount Associate-Member. 
_ G. Connelly 

NIC. Saar Graduates. 

J. X. Lewis Student. 


PAPERS FOR PUBLICATION 


The Literature Committee would be glad to consider 
fers of papers for presentation at the Institution or 
or publication in the Journal. 

'The following is a summary of the Committee’s 
equirements relating to articles and papers : a copy 
if the full conditions may be obtained from the Secretary. 

(1) Articles must be of an appropriate character, 
laving a bearing upon structural engineering or upon 
ome kindred scientific or constructional subject, and 
nust be approved by the Literature Committee. A 
ihort title is an advantage. 

-(2) Contributions must be original either in subject- 
matter or in presentation. Articles which have already 
deen published or have been read to other organised 
dodies, or are carelessly prepared, will not be accepted 
for publication. 

(3) The style of writing will necessarily vary with the 
ndividual, but authors are requested to write as plainly 
and simply as their subject will allow. Papers should 
oe written in the third person. 

(4) Where the subject allows, a brief introduction or 
synopsis should state clearly the purpose and scope of 
the paper or article, and the author’s conclusions or 
ecommendations should be summarised at the end of 
che paper. 

‘In order to facilitate the indexing of articles for 
‘eference, the author will be required in addition to 
Srepare a short precis not exceeding 25. words for in- 
slusion under the title of the paper on the contents page 
of the Journal. 

(5) Illustrations are desirable where they assist in 
xplaining the context or are fundamental to the 
subject. They should not be used if unnecessary for 
these purposes. Illustrations may be either line draw- 
ngs or photographs. 

(6) Line drawings must be specially prepared for 
production on smooth white paper or clear tracing 
Japer, with heavy main lines and large clear lettering 
drawn in Indian ink with a mapping pen. Alternatively, 
he author may submit drawings on one sheet of paper 
vith the relevant lettering on a cover sheet of tracing 

yaper. 

The printed page of THE STRUCTURAL ENGINEER is 
7 in. wide by 10 in: deep. The drawings, where prac- 
icable, should be prepared not larger than twice this 
ize with a view to half-scale reproduction. Unavoidably 
arge drawings which require reduction to one-third size 
Bee: must be specially heavy and with proportionately 

pe lettering for clear reproduction. Ordinary working 

irawings are not satisfactory. 
a (7) Where photographs are submitted they should 
printed. black on glossy paper. 
(8) MS. typewritten in double spacing should be 
ubmitted in duplicate. 
Brevity is an advantage and papers should not 
jormally exceed 7,500 words in length. 


a 


b DRURY MEDAL AWARD 

The fourth competition for the above award will take 
ace in 1953. The subject is the design of the structure 
fa new factory building. The material of construction 
entirely at the choice of the competitor. The compe- 
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tition has been designed to encourage ingenuity of 
structural arrangement. Economy i in the use of steel is 
an important feature of this year’s competition. 

Graduates and Students of the Institution who wish 
to compete are invited to apply for full details to the 
Secretary ; envelopes to be marked in the top left-hand 
corner, “ Drury Medal Award.” 

The closing date for the competition is October 1st, 
1953- 

The general conditions of the competition are as 
follows :— 

1. The competition shall be for Graduates and 
Students of the Institution of not more than 25 years 
of age. 

‘2. The subject of the competition shall be a design of 
a structural character, that is to say primarily structural 
design, not planning. 

3. The subject of design and conditions shall a 
prepared and issued biennially by a group of five mem- 
bers appointed by the Council. 

4. The Literature Committee shall appoint a Jury of 
not less than five to examine the works submitted and 
to interview candidates, if found necessary. 

5. In order to show that the work submitted is solely 
the work of the competitor, the documents submitted 
shall be countersigned by a corporate member of the 
Institution or, failing this, shall be accompanied by a 
declaration on a prescribed form signed by the candidate 
in the presence of a Justice of the Peace or a Commis- 
sioner for Oaths. 


RESEARCH AWARDS 

The Council has instituted a Research Prize Fund, 
from which awards may be made annually to the author 
or joint authors of papers describing original research 
which they have carried out. Research awards may be 
made for papers read at Headquarters or in the Branches 
and published in the Journal, or for papers published in 
the Journal only without being read at an open meeting. 

The assessment for such awards will be made annually, 
but awards will be made only to the contributors of such 
papers as reach a standard judged by the Literature 
Committee to be satisfactory. 

Work submitted under this scheme must be original 
and may include any of the following :— 

(a) investigations of an experimental or analytical 

character ; 

(b) studies of historical or statistical records ; 

(c) improvements in principles or methods of con- 
struction ; 

(d) research into methods of structural engineering 
and building, the nature and use of plant and the 
organisation of engineering work ; 

(e) any related or combined studies which are deemed 
by the Literature Committee to be of a research 
character. 

In cases where the research work described in the 
paper was not the work of one individual, the names of 
all the collaborators, should be given in the paper. 

Awards may take any or all of the following forms :— 
A research medal ; a diploma ; a money prize. ‘ 

Application for consideration for a research award 
must be made to the Secretary of the Institution, and in 
preparing papers for reproduction in the Journal, 
authors must comply with the conditions laid down 
for all such contributions. Particulars of these con- 
ditions may be obtained from the Secretary. 

In judging research papers, the following factors will 
be considered :— 

(a) the nature of the subject and its conclusions ; 

(b) the value of the paper in advancing the science 

and art of structural engineering ; 
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(c) the standard of preparation and orderly arrange- 
ment of the subject-matter. 
Research papers will also be eligible for adjudication 
-for the Institution Medals if they comply with the 
Regulations governing those awards. 
The closing date for the receipt of applications in 
respect of papers published in the Journal between 
October, 1952, and September, 1953, is October Ist, 1953. 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


By courtesy of Messrs. Braithwaite & Co., Engineers, 
Ltd., a visit has been arranged to their Newport Works 
on September 3rd and 4th, 1953. 

The party will leave Paddington Station at 6.45 p.m., 
on Thursday, September 3rd, and arrive in Newport at 
about 9.45 p.m., and then proceed to hotel accommoda- 
tion which will be arranged in advance. On Friday 
morning, the party will be taken to the works to see the 
layout and arrangement of Fabrication Bays for Welded 
and Riveted Structures in steel, plate pressing bays, and 
aluminium welding sheds. 

In the afternoon the party will visit building site in 
the locality to see the work in progress. It is hoped to 
leave Newport by the 6.40 p.m. train, arriving in Pad- 
dington at 9.25 p.m. 

All transport, lunch, tea, etc., in Newport will be 
provided by the company. 

The cost of accommodation and fares is not expected 
to exceed £3, and all members wishing to attend should 
submit their names to the Hon. Secretary as soon as 
possible. The closing date for bookings is Friday, 
August 21st, 1953. 

A special welcome is extended to those members of 
the Midland Counties Branch, who wish to attend. 

Hon. Secretary: Mr. J. F. S. Pryke, B.A.(Hons.), 
Bushcroft, Slipe Lane, Wormley, Herts. 


CONFERENCE ON WELDED STRUCTURES 


A conference will be held in London on November 23rd- 
27th, 1953, to review present knowledge and outstanding 
problems in the design, fabrication and erection of welded 
structures. 

The organisation of the conference is being under- 
taken by a joint committee appointed by the Minister 
of Works, the Institution of Civil Engineers and the 
Institution of Structural Engineers with the support 
of the Admiralty, the War Office, the Ministry of Trans- 
port and the Department of Scientific and Industrial 
Research. 

Working sessions will be held at the Institution of 
Civil Engineers, Great George Street, London, S.W. 

Further particulars will be published in the September 
issue of THE STRUCTURAL ENGINEER, but readers desiring 


earlier information regarding the conference are advised 


to communicate with the Secretary. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


Hon. Secretary: A. S. Sinclair, A.M.I.Struct.E., 
17,%The Circuit, Cheadle Hulme, Cheshire. 


MIDLAND COUNTIES BRANCH 


Hon. Secretary: L. A. Firminger, A.M.I.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 


MIDLAND COUNTIES BRANCH—GRADUATES’ AND 
STUDENTS’ SECTION 


Hon, Secretary : F. G. Fletcher, 60, Brean Avenue, | 


South Yardley, Birmingham, 26. 


NORTHERN COUNTIES’ BRANCH 


Hon. Secretary: O. Lithgow, A.M.1.Struct.E., 
Stoneleigh Avenue, Acklam, Middlesbrough. 


NORTHERN IRELAND BRANCH 4 
Hon. Secretary: S. G. Duckworth, M.1.Struct.E,) 
“ Lisleen,”’ 13, Finaghy Road North, Belfast. 


SCOTTISH BRANCH j 
Hon. Secretary : G. Drysdale, A.M.I.Struct.E 
‘‘ Niaroo,”’ 33, Union Street, Motherwell, Lanarkshire. 


The Annual General Meeting of the South-Weste 
Counties Branch was held at the Duke of Cornw: 
Hotel, Millbay, Plymouth, on Friday, May 22nd, 1953 
at 6.30 p.m., when the following honorary officers ant 
Committee members were elected for the Session 1953 
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SOUTH- WESTERN. COUNTIES BRANCH 


CHAIRMAN : Col. R. Hazzledine (Member). | 
VICE-CHAIRMAN : E. W. Howells (Member). | 
Joint Hon. E. W. Howells, 10/12, Market Street, 

SECRETARIES : Torquay, Devon. a 


J. Woodrow (Graduate). 
. W. Howells (Member). 

. J. Scoles (Member). 

C. Peters (Associate). 

. F. Vanstone (Member). i 
. J. Powell (Associate-Member). — 
. W. Howells (Member). 

J. Woodrow (Graduate). 
C. Peters (Associate). Pi 
. J. Scoles (Member). | 


Hon. TREASURER : 
Hon. AUDITORS : 
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COMMITTEE : 
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. J. Dean (Associate-Member). . 

. C. H. Harris (Associate-Member), 
. M. Upson (Associate). } 
. C. Tyler (Associate-Member). — 
. Toft (Associate-Member). | 
F. W. Potter (Associate-Member). 
H. W. Miller (Graduate). | 
Col. R. Hazzledine (Member). Hi 


SCIENCE COMMITTEE DELEGATE : ] 
Col. R. Hazzledine (Member). ' 


BRANCH REPRESENTATIVE ON THE COMMITTEE. OF 
MANAGEMENT OF THE BENEVOLENT FUND : 
H. J. Scoles (Member). 
The Branch Programme for the ensuing year | 
discussed at length and various suggestions adopted. 


BRAN MRC OnArC EES 


WALES AND MONMOUTHSHIRE BRANCH q 
Hon. Secretary : G.~ R.-. Brueton, ~A,M.LC. E., 4 
A.M.I. Struct. 5 Dea Celtic Road, Gabalfa, ‘Cardiff, 


WESTERN COUNTIES BRANCH | 
Hon. Secretary: E. Hughes, A.M.I.Struct.E., 23, 
Southdown Road, Westbury-on-Trym, Bristol, 9. 


YORKSHIRE BRANCH 


Hon. Secretary: E. Wrigley, A.M.I.Struct.E., 17, 
The Drive, Alwoodley, Leeds. : 


UNION OF SOUTH AFRICA BRANCH 

Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.I.C.E., 
A.M.I.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted in the City 
Engineer's Department, Town Hall, Johannesburg. 
*Phone : 34-1111. Ext. 257. 

Natal Section, Hon. Secretary: E. G. Bennett, 
A.M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., P. 0. 
Box 49, Merebank, Durban. 

Cape Section, Hon. Secretary : R. Stubbs, M.1.Struct. E. 
P.O. Box 1692, Cape Town. 
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GENERAL 


By G. A. GARDNER 
The authors have been asked to write this Paper by 
ay of expounding and illustrating some of the matters 
ised in the Report issued by the Heads of the Works 
irectorates of the Ministry of Works and Service 
epartments on the Economic use of Building Materials, 
id they are limiting their observations to those subjects 
' more particular interest to the members of this 
istitution, and are including reference to the Steel 
conomy Bulletins. 

The decision to present such a Paper was made to give 
fect to the desire expressed in the general introduction 
) the Report that the Architectural and Engineering 
istitutions might co-operate in propagating the basic 
leas of economy, with a view to their wide acceptance 
y all those concerned with construction; and the 
istitution volunteered to give publicity to such a 
aper. It might, at first sight, seem strange that public 
arvants whose observations had been embodied in the 
‘eport should be selected to give effect to this, since they, 
eing practising engineers, moulded to the current 
attern, have ipso facto, nothing new technically to 
resent of which the profession, as a whole, is not aware, 
ad any items which might transcend the experience of 
lore junior members are amenable to investigation 
long the lines suggested. However, the Council of the 
nstitution deemed this the most helpful course to follow 
nd it is hoped that it will be useful in reviewing some of 
le questions involved. By way of illustrating some of 
ae broad precepts of economy we may observe that where, 
3 example, it is said that economy in steel in the case of 
1e normal articulated roof truss is effected by keeping 
pans small, it is a fundamental fact of static mechanics 
nd is displayed as a reminder to those who may select 
urge spans for reasons which have nothing to do with 
teel economy. Likewise, when it is said that a welded 
fuss is lighter than a riveted one, and yet again that a 
ubular truss is lighter still, it is also a fact and a re- 
under to those who may select riveted work for econ- 
Mic reasons of quite another kind. I, personally, am 
illy persuaded that the only fundamental economy is 
hat of human energy in its relationship to utilizing 
yaterials and using locked-up energy, and that in con- 
quence the sum total of human achievement, whether 
forthwhile or not, is proportional to the care with which 
uman energy isused. If thisisso, true economy in any 
iece of construction must be related to the total amount 
f human energy needed for the conception, building and 
laintenance of the structure, and this is, of course, not 
ecessarily commensurate with, the use of a minimum 
mount of material in any particular case. We may have 
‘simple steel roof truss of hot-rolled members which uses 
sss human energy in the above respect than a lighter and 
1ore complicated truss, and so we see that the concept 
f material saving alone is a loose one which only 
_*Read before the Institution of Structural Engineers at 11, Upper 


grave Street, London, S.W.1. on Thursday 16th April 1953. 
v. E. Granter, B.Sc., M.I.C.E., M.I.Struct.E., (President) in the 
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becomes imperative when the particular material under 
consideration is in short supply, and when, in con- 
sequence, we must re-adjust the incidence of the applied 
human. energy—more brain power and less manual 
force, for example. Furthermore, when we take into 
account, as we must do, that complicated factor cost, as 
ordinarily understood, i.e., the amount of money whichis , 
exchanged in the process of getting what we want, the 
issue becomes. further obscured and the fundamental 
concept which I have cited is lost in a mass of inter- 
related conditions and processes. 

All this being so however, when we speak of 
Economy in the use of Stfuctural Materials we neverthe- 
less voice a braad concept which seems sensible by com- 
parison, per contra; that is we are all persuaded that to 
advocate ignoring such a broad concept is irrational at 
the present time, and that we all know ina general sense 
what is in view. 

My colleagues in this Paper will be expanding this 
fundamental concept with typical exemplifications in 
several types of construction, in accordance with the 
Institution’s request, while I propose further to examine 
a few of the general aspects of the matter. 

Reference has been made in the Report to the con- 
siderable effect that the initial concept and detailed 
design can have on the economic use of materials, and 
this, which is a self-evident truth, is, nevertheless, not 
infrequently overlooked. The broad principle mentioned 
in the opening remarks concerning the effect of span 
dimensions is a very important one but, as everybody 
knows, it must be weighed with considerations regarding 
foundation design; and when the Report makes a plea in 
this respect it is with this very point in view, namely that 
the major structural economy should be the operative 
motive, all things considered.. Small spans are perhaps a 
little old fashioned and neither they, nor the common 
roof truss, are liked by the Architect with modern 
tendencies, but the fact remains that such construction 
is very difficult to beat economically in a great many 
cases. The graph in Fig. r shows this effect of span on 
the weight of steel used per 100 square foot of floor area 
covered, and also indicates the economic relationship 
between the several types of construction, such as riveted 
and bolted or welded, all designed normally to B.S.449; 
and so we could go on establishing such data for 
numerous types of roofs and structures generally. With 
the aid of such graphs as these, an early decision can be 
made in the sketch plan stage and the dictates of 
economy can be duly weighed. 

The anatomy of structures tends to be rather neglected 
in the general rush of business as a conscious approach to 
basic economic design and a lot of useful work could be 
done to establish, for practical use, the trends in this 
direction; and it may well be that we are harping too 
much on stress limits and not enough on anatomy. 
Numerous elementary instances occur such as the 
following :— 

A factory is required to be of two 60 foot bays with — 
north light trusses, and the Architect chooses a short 
span for the trusses to satisfy aesthetic consideration 


FIA PE St iene tO ental 


_ Structural Economy, not that I am suggesting that 
- structural economy is necessarily inimical to. aesthetics. 
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externally. “The 60 foot spans are > required to carry a 
central runway capable of lifting five tons, and the 
economic index is at once seen to be the spacing of these 
girders, since they must all be subjected to the runway 
load. 
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Fig. 1—Simple pitched roofs 


In this case the aesthetics should, perhaps, bow to 


And then the basic analytical approach in design can be 
fruitful of material savings. I think it would pay to 
review our graphic statics approach in important cases 
and establish correction factors where appropriate, 


van der Eb. One Ae and cea 16-metre 5] 


trussed deck Railway bridges were required for 


replacements. They were’ each composed of 1 
Warren girders with a single track carried by sleer 
supported directly from the top cords, and advantage 
taken of the moment resulting from the horizontal ce 
ponent of the Warren system being arranged i in the pk 


e bottom flange of the top cord as a counterbalance 
e local bending moment of the rolling load from a 
-ton Mallet locomotive. This feature which can 
arly be seen in Fig. 2 gives an obvious mechanical 
vantage apart from the strain energy basis which was 
opted analytically in designing these bridges and which 
cogether saved a considerable tonnage of steel. This 
inciple of counterbalance due to eccentric connections, 
inot, of course, new, and has been utilised in the design 
| ordinary roof truss rafters, but it is not common and 
jems to be worthy of more thorough investigation where 
jpetition work is involved. I am fully alive to the 
ifficulty of finding time to bring these refinements into 
je fever saday drawing office, and that in order to make 


‘Fig, 2 


lem a commercial proposition somebody has got to 
mplify procedure; but as Ruskin said “I am here 
meerned primarily with the fundamental truth of 
‘inciples and not with their immediate effect.” 
The utilising of walling in conjunction with framing is 
1other matter which is in direct line with the question of 
aterial economy, and this can range from the load- 
caring wall to the composite action of wall panels with 
1e steel or reinforced concrete skeleton. 
phe load-bearing wall for structures other than 
mestic houses and flats has been dubbed reactionary 
it there is no prima facie case against it, and if we take 
to account the question of maintenance it may show an 
yerall advantage. The Structural Engineer is fully 
volved in this, for the time has gone when the brick or 
asonry wall was almost entirely a matter of rule of 
mb based on traditional models, and through the 
ork of the Building Research Station we now have data 
hich can be used scientifically. But the complicated 
atter of composite action necessitates a more guarded 


proach. The utilisation of wall panels as bracing is a _ 


itively simple case and the panels can be quite easily 

Iculated for diaphragm action in conjunction with the 
srtical and horizontal members of the framing (not for- 
ting, of course, the possible need for temporary 
ection-bracing) and not. only may this save material 
id obviate labour in cutting brickwork to accommodate 
Cl] ng; but also contribute to the amenities of the fac- 
y me ee more complex business of the relief 
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"which wall panels may give to beams supporting them is 


in quite another category and is, as you know, being at 
present made the subject of a long-term investigation by 
the Building Research Station. The general principle is 
obvious and simple enough, namely that the panel and 
the beam under it tend to act as a composite member in 
flexure, having regard to aid from connections at the 
ends of the beam, etc. From permanent strain gauge 
readings which are being taken in one of our normal 
steel framed buildings the effect of long-term deformation 
is being noted, but we are all fully alive to the fact that 
the contingencies of fire, vibration and alterations 
following on a change of user are practical matters which 
must be weighed against the basic idea, and that it may 
well be that the scientific investigator will not be able to 
carry us with him completely. However, the general 
principle of composite action is assuming more and more 
importance and is something which we are all often 
forced to take into account willy nilly, when giving an 
analytical reason for the fact that an old structure stops 
up. The fundamental idea of economy which, I pre- 
viously hinted at, namely that of human energy, must 
however be borne steadily in mind, for even the Engineer 
must preserve a small factor of safety on his. working 
expenses. 


And so we could go on through the whole gamut of 
the points at issue and perhaps arrive at a broad con- 
sensus of opinion which, if it were made to satisfy all 
interests would, indeed, get a long way from the limited 
conception of mere material economy. But I return to 
my earlier remark, that we must all deem the broad 
issue one of considerable importance at the present time, 
and, I am afraid, for many years to come. The Struct- 
ural Engineer is still subjected to an occasional gibe from 
the Architect and the Administrator that his structures 
are ‘too strong’’ and this is tantamount to an accu- 


‘sation that he is wasting the country’s wealth; but those 


of us who have spent our life at this business know that 


-we have now reached a stage beyond which every step 


must be taken with extreme caution and that the 
optimum limit is not far off. 


Before I hand on the torch to my two colleagues it will 
not be irrelevant to recall one important general con- 
sideration mentioned in the Report, namely that of the 
Administrator allowing insufficient time between the 
initial decision to proceed with a project and the date for 
letting the contract. This is, in so many cases, inimical 
to material economy, and like the Printer’s Devil in 
another connection, is something which is a perpetual 
nuisance and a great hindrance to the very thing we are 
striving after. Refinements cannot be risked in such 
circumstances and I am sure we could all bring dozens of 
instances forward. But presumably this particular 
Devil will continue to beset us and constitute a con- 
dition with which we must cope by employing rapid 
methods of design—a matter which I will touch on in 
conclusion. 


The continual progress of scientific investigation into 
our numerous structural problems is directly connected 
with our reaching after an optimum material economy 
but its practical translation into workaday drawing 
office design methods is something which needs attending 
to more systematically. In this connection I think it is 
important to preserve the idea of principles, rather than 
mere rules but at the same time to avoid the first- 
principle analysis in the all but the unusual cases. What 
in my view is needed, is not so much the further pro- 
secution of ultimate scientific investigation as that of a 
comprehensive series of tests on members and, indeed, 
complete structures, contrived to. check our common 


‘ 
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design methods and suggest correction factors. There is 


no time to pursue this here, and it is a little beyond the 
scope of our present review, so I will now make way for 
Mr. Morton and Mr. Creasy. ; 


MARITIME STRUCTURES 
By R. Morton 


The application of economy measures to any works 
project calls for careful consideration and discretion and 
this applies particularly to heavy civil engineering works, 
since any misplaced economy in these may result in 
failure with catastrophic consequences, and making good 
may involve complete replacement of the original 
structure; further, periodical repairs and maintenance 
may be a practical impossibility and therefore the 
original structure must be so proportioned as to ensure as 
far as possible the length of life required. 

It is in the general design stage of the scheme that lies 
the greatest opportunity for economy, not so much in 
paring down the size of members and reduction in 
quality of materials, and if the true interests of economy 
are to be safeguarded it may on occasion be necessary to 
include in the design, measures, which at first sight may 
appear to be if not extravagant, at least not economical. 

The object of this paper is not to tell engineers what 
they should or should not do to effect the greatest 
economy in the construction of the works entrusted to 
them, as every engineer should be well aware of his 
responsibility in this direction, but rather to remind 
them of lines of thought or action which might otherwise 
have been overlooked when considering the best scheme 
to meet their client’s requirements, and at the same 
time to comply with the national need for economy of 
effort, the latter expression covering both manpower 
employed on the site and that employed in the pro- 
duction of materials to be incorporated in the works. It 
is obviously quite impossible to be dogmatic on this 
subject since the circumstances differ from job to job 
and the design and execution of the works must vary in 
accordance with conditions imposed. 

The following notes deal with some aspects of the 
application of these principles to the design of maritime 
structures. 


Jetties 


In the first place it must be borne in mind that jetties 
are usually required in the most inconvenient places 
from the engineering aspect. They are built over water 
possibly tidal and exposed to the action of waves and 
currents and frequently at sites where the foreshore and 
sea-bed is soft mud. Protection from the weather of the 
workmen and plant employed is usually impracticable. 
It is therefore, obvious that any reduction or simpli- 
fication of the operations to be carried out in-situ is a step 
in the right direction. The trend of jetty design has in 
fact in most respects followed this line. In the days of 
timber jetties the piles were usually given support to as 
low a level as practicable by an intricate system of 
walings and crossed diagonal bracings, and when rein- 


forced concrete began to replace timber as the basic 


material for jetties the arrangement of members was in 
many cases a replica of that in the timber jetties the 
reinforced concrete was to replace. The shuttering for 
the cast in-situ bracings and walings was very expensive 
and the fixing of reinforcement and placing of concrete 
was similarly an expensive item and the consolidation of 
the concrete was difficult to ensure particularly as the 
bracings and walings were normally carried down to 
within one or two feet of low water involving tidal work 
in the lower portions of the superstructure. 


_ put fenders in a different light and very considera 


allow the elimination af much of the one The ie 
however, would be formed of main beams, crossbea | 
and decking, again calling for complicated formwork < 
reinforcement. The further development therefore, ‘ 
been to reduce and simplify the deck construction, 
design of many jetties now comprises piles, vertical. q 
raking, surmounted by a reinforced deck slab of a u 
form thickness of perhaps two feet; in which the head: 
the piles are set and from which all beams have bi 
eliminated. The cost of the extra concrete incorpora\ 
in the thick deck slab is more than compensated for, 
the simplifaction of the formwork and the ease of layi 
the reinforcement and the concrete. A further poini 
that except where heavy crane loadings are to be p) 
vided for, there may be no need to impose restrictions)| 
loading to the extent necessary where the deck is co) 
posed of a comparatively thin slab and beams. 7 
extra weight of the deck assists in neutralizing ¢ 
tendency to uplift due to the use of raking piles. 


The growing use of prestressed concrete in the ci 
engineering world is having its effect on jetty work. 
very appreciable advantage of prestressed concrete wh 
used in structures exposed to the elements and pat 
cularly to sea water and salt air is that if in the course) 
the constructional operations cracks should form in 1 
member due to temporary overstressing, when once 1 
excess stress is relieved, provided of course that 1 
temporary over-stressing was not too severe, the craq 
will close again and the damp and salt which in the n 
prestressed pile would penetrate to and attack the 
forcement will be excluded. : Ht 


Occasions will arise when thick slab construct 
would not be suitable to the circumstances and a de 
provided with beams is required. In such a case it mi 
be found that prestressed precast beams can be econon 
cally employed. 

Prestressed piles may also be used with. advantage 4 
the reasons above-mentioned. Further, since t 
strength required for the movement of the pile from t 
casting ground to the pile frame not infrequent 
governs the cross section of the pile, the greater mom« 
of resistance of a prestressed pile than that of a nort 
pile of similar cross section may permit a smaller cre 
section to be adopted. The advantage possessed by t 
prestressed pile in this respect may, however, be part 
neutralized by the fact that in certain strata it may 
found that a greater length of the smaller section pi 
stressed, pile has to be driven to achieve the required : 


—_ 


Jetties in common with other structures aff 


examples of how economy at the constructional sta) 


may well prove to be the reverse when the long term vie 
is taken. In the early days of reinforced concrete) 
cover of 2 in. was commonly specified for the rei 
forcing bars with the result that after a very few yea 


the reinforcement corroded and caused the concrete 


spall off. The making good of such a state of affairs” 
some cases proved to be a long and expensive operati¢ 


The fendering of jetties forms an expensive part of é 


- structure which may account for perhaps 25 per cent. 


the whole cost of the work. When jetties were made 
timber the resilience of the bearing piles was such thi 
timbers bolted solidly to the structure provided 
satisfactory form of fendering both from the view po 
of the jetty and the ship coming alongside. 
development of rigid reinforced concrete jetties howeve 


thought and ingenuity has been devoted to their d Si 
with a view to absorbing the kinetic energy of 
berthing, and thus reducing? the effect of inpaghs on a 


pand jetty. The cost of the various types of fenders 
ich have been introduced in recent years varies very 
asiderably, but study of the problems involved and the 
option of the fendering best suited to the conditions 
ll be a dividend-paying investment as regards future 
uintenance. 

In certain circumstances steel piles either built up 
ym sheet pile sections or rolled steel joists have been 
ed in preference to reinforced concrete in view of their 
silience, resistance to bending stress, comparative 
fhtness and consequent ease of handling and transport. 
here, as in mooring and guide dolphins, resilience is an 
sential quality, structures formed of steel box piles 
mmounted by a thick concrete slab and devoid of 
acing or raking piles will often be found to meet the 
quirement. Similarly in jetties which are not to be 
juipped with cranes, a horizontal deflection of two or 
tree inches when a ship comes alongside may be 
ceptable, and in such cases a thick reinforced concrete 
ab carried on vertical piles with high bending resistance 
ig. steel or prestressed concrete) will suffice without any 
mm of bracing or raking piles. In assessing the 
fective length of such piles it should be noted that the 
iteral support provided by even the poorest mud is’ 
ifficient to justify assuming the point of fixity as being 
bout five feet below the surface of the sea-bed, provided 
here is adequate penetration further into the mud 
eyond this point or into better material. 

| In calculating the total load to be carried by any one 
etty pile, regard should be paid to the fact that maxi- 
aum loading conditions may in many cases only occur 
ery occasionally and the combinations of the various 
dverse conditions may be likely to occur so rarely as to 
llow them to be almost ignored. It is also the case that 
ome wheel loadings given by crane manufacturers arise 
rom assumptions which while it may well be prudent to 
pply when considering certain features of the crane 
tself (e.g. the jib) may be unreasonable to apply when 
onsidering the loading on each individual pile in the 
etty. It is not suggested that these possible maximum 
ipper limits should be ignored completely, but if care is 
xercised the effects of some can be regarded as occasional 
mcroachments on the normal factor of safety. 


Iry Docks, Slipways, Wharf Walls, Breakwaters 
"Many of the general principles governing economical 
lesign and construction referred to under the heading of 
ties apply to these and most other maritime structures 
ind equally, the necessity for care and discretion in 
ffecting economies applies in these cases if heavy main- 
€nance costs are to be avoided. The following notes are 
ntended ‘to bring to notice points which might be 
nvestigated in regard to each of the particular classes of 
structure above mentioned. 


3 r Dry Docks 
_ The Institution of Civil Engineers has recently 
ublished a memorandum on the construction of dry 
locks and a perusal of this will no doubt, suggest 
DOssible economies in the construction of the projected 
dock. The many operations involved in dock con- 
struction most of which are subject to the circumstances 
rtaining to the particular work in view, render it im- 


yaper. It may, however, be emphasised that adequate 
€ investigation is a sine gua non to economical design 
d any tendency to economise on borings and other 

iminaries may well prove to be a very false economy 

Reed). | 

t has for instance, been suggested that sheet piling 


Venn st Ag bala id ra est, 


ible to give any detailed guidance in the present — 
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heavy masonry walls of a dry dock. Before such a 
design were adopted however, it would be necessary to 
ensure that the long sheet piles could be freely driven to 
the required depth since any obstruction to penetration 
might result in heavy expense and very considerable 
delay in execution. : 

Slipways 
_ The design of a slipway is obviously dependent on the 
site conditions and.on the maximum weight and dimen- 
sions of the vessels to be slipped, all of which, the engineer 


has usually no option but to accept. 


The general principles of economical design will be 
applicable and the method of construction to be adopted 
should be given the most careful consideration since it 
may well prove that although at first sight the con- 
struction of a coffer dam to permit work in the dry, may 
appear an unwarrantable expense, this may in the end be 
the most economical arrangement and further, there is 
little doubt that it would produce the better quality 
structure below water level. If there is any requirement 
present or future for slipping two vessels simultaneously, 
the design should provide for the construction or later 
addition of a traverser serving multiple laying-up berths. 


Wharf Walls. 


In years gone by, heavy masonry walls were the normal 
form of construction for wharves but depending on the 
use for which the wharf is intended, site conditions, and 
other factors, steel or reinforced concrete (preferably 
prestressed) sheet piling tied back to anchorages will 
frequently serve the purpose and the deep excavations, 
often in most unfriendly strata, may thus be avoided, 
with of course, the saving of the large quantities of con- 
crete or masonry necessary for stability in a gravity wall. 

The wharf may, however, be intended to be equipped 
with heavy cranes and warehouses and in such a case it 
will be necessary to carry the super-imposed loads on 
bearing piles. Consideration would then require to be 
given to the erection of a piled wharf along the front of 
the shore or river bank with a pitched slope facing to the 
latter as an alternative to the vertical sheet piling along 
the wharf frontage. ; 

At sites having a large tidal range the adoption of 
measures to ensure that the water level behind the wall 
or sheeting rises and falls concurrently with that in the 
stream will reduce very appreciably the outward pressure 
to be resisted. 

While the foregoing remarks apply to all localities 
where skilled labour and the necessary materials can be 
made available without undue expense, in certain 
localities abroad it may be found that other types of wall 
construction are in fact the most economical, an example 
being concrete block construction which can be carried 
out by largely unskilled labour. 


Breakwaters 


It should be unnecessary to remark that breakwaters 
are particularly unsuited for experiments in economy 
unless very careful consideration has been given to all the 
relevant factors. The tremendous forces exerted by the 
waves have produced extraordinary effects in the bodily 
movement of cyclopean blocks and other components and 
there have been many unfortunate examples of expensive 
failure even where the designs were produced by capable 
engineers with no incentive to economy beyond that 


activating all conscientious members of the profession. . 


Design should be preceded by a careful study of all 
available records of waves, winds and currents at the site 
to arrive at an assessment of the maximum forces which 
the breakwater will be called upon to resist. Numerous 
attempts have been made to produce formule giving the 


si. 
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pressure exerted by waves of given heights and iecebig 
the most precise of these is that of Monsieur Sainflou. 
Its application is however, limited to vertically sided 
breakwaters in sufficient depth of water to preclude the 
waves breaking, and the more usual problem of assessing 
the effect of breaking waves still awaits a solution. 
Having thus clarified the requirement the type of wall 
must be chosen most suitable to the circumstances. 
Where the site and other conditions permit, a mound 
which by the nature of its construction will disperse the 


forces of the waves rather than offer to them a solid face - 


may be considered the best answer and a sloping bank of 
pell mell blocks has been adopted in many instances for 
this purpose. A recent development in this respect is 
the invention of a concrete block known asa ‘‘ Tetrapod ”’ 
which may be described as a concrete body having four 
tapering legs projecting in different directions. It is 
claimed by the inventors that the Tetrapods, the size and 
weight of which can be made to suit the site conditions, 
when deposited in place interlock and produce a surface 
which being of an “‘ open ”’ texture prevents the building 
up of destructive high pressures in the components of the 
breakwater. Between the wars when extensive re- 
clamation was in progress in Holland, the Dutch pro- 
duced a new form of breakwater of which there is now at 
least one example in the United Kingdom, which was 
composed of a pumped sand hearting contained between 
clay banks which, where exposed to wave action, were 
protected by squared stone pitching. The cross section 
of the breakwater was arranged so as to allow the waves 
to expand their energy in running up its sloping face. 

There is ample scope for investigation and research into 
breakwater construction and whereas in the past there 
has been a tendency to employ boulders and concrete 
blocks of increasing weight and to introduce measures 
designed to make the structure more monolithic, economy 
may well lie in a different method of approach. 


In conclusion it cannot be too strongly emphasised that — 


adequate time must be allowed the engineer if the most 
satisfactory and economical design is to be produced. 
There are occasions when speed, is an over-riding factor, 
but if it is agreed that the best service that can be 
rendered to the client is to meet his requirements with 
full regard for economy in first cost and subsequent 
maintenance there must be a detailed investigation of 
site conditions and careful consideration of the form the 
structure should take and the method of construction, 
preliminary to entering upon the detailed design. Time 
thus occupied is time well spent. 


COMPARATIVE FORMS OF CONSTRUCTION 
By L. R. Creasy 

This part of the paper is concerned with investigations 
which have been made and of examples of work carried 
out in alternative forms of construction of low steel 
content, and it is intended to give an indication of the 
material content and where possible of other relative 
factors such as cost and ease of construction. 

The figures for costs are given for the time at which 
these were current and must in some cases be brought up 
to date by the reader, as appropriate. 

As has been repeatedly stated elsewhere, the most 
fruitful opportunities to achieve maximum economies 
are to be found at the planning stage. In trussed roof 
framework generally, a basic principle obviously applies 
in that the greater the area of unimpeded floor space the 
more expensive the construction will be in both material 
content and in cost, but superimposed on this are the 
alternative possibilities of varying the centres of lattice 
girders and trusses with corresponding variation in the 
distribution of material between purlins and supporting 


steel tube truss and post construction and is some 


mately equal to that of the conventional forms of con: 


| The Styhictoswed Ey 


framework. In a simple truss and purlin roo 
familiar economic principle applies of, “‘ not carrying 
load, twice’’ in that the closer the truss centres the lo 
the content of the purlins and that of the overall stee 
content. A practical limit is, of course, reached whe) 
the trusses cease to use practical stock sections and thi 
has been found at truss centres of just less than ten feet 
Where valley beams or girders are required to incre a 
the unimpeded covered area, the rate of increase of ste¢) 
content with increase in span of girders and spacing | 
columns is clearly shown in Fig. 1 already referred t) 
which indicates also the effect of the form of constructio) 
on the relative steel content. =i 
In terms of cost the conventional bolted angle truss an 
joist cannot, in general, be improved upon, but ; 
reduction of the order of 15 per cent. in weight can 
made if the same framework is shop welded and as mucl| 
as 40 per cent. in weight by the substitution of wel 0 
tubular construction. At the other end of the scale, th 
undoubted amenities of the longer span space frame roi 
using open welded vierendeel girders can only be mad 
with increase in cost. 
An illustration of these factors as applied to a typice 
programme of single-storey storage buildings of ie | 
40 foot span bays designed in five alternative forms 


construction is shown in Fig. 3. In this example 


Factors for Steel content "and unit cost ore given as an average 
per square foot of floor area se a Date: 1951. 


" TYPE. STEEL Praha UNIT COST. 
(shillings) 


TUBULAR CONSTRUCTION 
THROUGHOUT. 


STRIP STEEL FRAMES: 
(a) WITH JOIST STANCHIONS 
(5) STRIP THROUGHOUT. 


LATTICED PORTAL FRAMES. 


CONVENTIONAL STEEL 
CONSTRUCTION. 


REINFORCED CONCRETE 
CONSTRUCTION. 


Fig. 3—Storage Shed Programme. Comparative costs _ 
and steel content 


lowest steel content is achieved by employing welt 


60 per cent. of that of a similar design using conventiona) 
bolted steel angle work; with cold strip steel con: 
struction, very close to that of the welded tubes. ir) 
weight of material and cost. From the factors quoted i 
will be seen ae the cost of the tubular work is some 


repetitive programme and normal experience suggest: 
that the cost of the tube work generally will be approxi- 


struction, where there is less repetition or the work is 
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Fig. 4—-Roof framing 


re complex, or where the conditions are otherwise dustrial building with travelling. cranes in which, a 
Prerativerses! Pe Usipo let yea Ss Mae cant if substitution hasbeen made of welded tubular roof frame- 
An exaniple of such an unfavourable case is shown ‘in work: to pick up the connections for the conventional 


4 which refers to a single storey pitched roof in- joist columns:and beams. as originally planned. The 
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trusses are of two different spans and are designed in each 


case to carry two 3} ton runways placed symmetrically 
at the main node points in the bottom tie. The tubular 
construction shows a saving in metal of approximately 
40 per cent. with an overall increase in cost of nearly 
20 per cent. as compared with the conventional riveted 
steel angle latticed framework. It will be seen that the 
detail, generally, is more complex and therefore, more 
expensive than is necessary in this type of work due, in 
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wy 
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. 


sleeve type in the bottom tie where trusses are deli 
to the site in halves, requires the use of a crane for 
manipulation of the work. It is probable that costs ar} 
reduced to a minimum by a part welded and. bolte 
construction in which the work is fabricated in welde 
units as large as possible prior to erection in place wit) 
bolted connections. A further reduction might be mac 
in suitable circumstances from reduced transpor 
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PLAN OF TYPICAL BAY 
Fig. 5—All welded tubular construction—layout 


some measure, to restrictions imposed by the original 
design. At the present time the balance in cost between 
these two forms of construction is probably made less 
favourable by the common procedure of substituting 
available sections which appears to have become almost 
part of our modern constructional practice. 

It has been found that the erection of tubular roof 
framework tends to take somewhat longer than the con- 
ventional form, for a number of reasons. A somewhat 
_ different technique is required in that, although the 
tubular trusses are stiffer and lighter in lifting and 
handling than angle trusses the erectors are not able to 
walk along the tubular rafters as readily as they would in 
normal practice and this leads to a somewhat more 
distant erection technique. Likewise the fixing details 
tend to be more complex and a site welded joint of the 


porary workshop where delivery is taken of the tube 
direct from mills, for fabrication at site at ground level. — 
We are indebted to Mr. E. Bedford for a particularl 
neat solution of the problems of tubular constructio: 
illustrated in Figs. 5 and 6, which shows a single store’ 
factory building of fully continuous all welded lattic 
tubular work. The arrangement of the monitor roof an: 
layout of the frame is planned to suit the architectural an: 
production requirements, but the symmetry and light} 
ness generally of the tubular sections accompanied by a: 
absence of gusset plates and bolts, achieves a pleasin 
light-weight appearance, whilst the painting and mair 
tenance of the structure is minimised due to the smalle 
surface area of tubes and the absence of ledges. ans 
inaccessible surfaces inherent in trusses formed of ang 
sections. . i 


i ae tit e eet Wy ; . ; : 

This tubular structure is estimated to be some 30 per 
at. less in weight and ro per cent. less in cost than a 
aventional design using riveted angle sections; as much 
ithe structure was welded at the works prior to delivery 
‘site and no bolts were used for erection purposes. The 
sction of the structure is a simple operation facilitated 


32! % (4 ' thick) 
Gols | Girders delivered {fo site with 
half tubular saddle to take end 


Upper half of seating added after 
erection in place, and fully welded. 


Ruberoid 
Slezl_ Decking 


MAS 


tubes for connection of Trusses & L.Girders. 


A4T 


trated in Fig. 1 with that of the famous Cambridge 
design as based on the plastic theory and as shown in 
Fig. 7. The steel content for this fully welded three span 
shed of 60 foot span by 24 foot centres of columns is only 
3 Ib. per square foot of covered area and is fully described 
In THE ROYAL ENGINEERS JOURNAL of September, 1951. 
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Fig. 6—AIll welded tubular construction—details 


the welding of semi-circular saddles to the columns 
lich provide self-aligning seatings for the trusses and 
ders and form, with the addition of a similar top 
idle the permanent connection. The whole structure 

me 460 tons of steel was erected, completely welded 
emonths. — iyhe 
ore leaving the question of storage buildings it 
be of interest to compare the alternatives illus- 


4 

4 

A, 

; ave’ average per square foot of covered floor area. 


The last example of framed roof construction as shown 
in Fig. 8 compares a typical north light factory roof in 


‘conventional bolted angle construction with one using 


castellated beams and is inserted as a reminder that the 
search for alternatives often produces surprising results. 
The scheme using castellated beams shows a somewhat 
greater steel content than the conventional—at lower 
cost ! 


SRS ee 
Vip os 


242 


An example of the economical use of light latticed 
steel framework required in the many miscellaneous 
structures needed for modern large scale industrial 
developments is shown in the pipe bridges illustrated by 
Figs. 9 and 10. The former is in welded tubular work 
and the latter is an interesting example of the modern use 
of one of the oldest structural forms—the trussed beam. 

Turning now to the question of alternative forms of 
multi-storey framed construction, the most obvious 


7idt jake: Saas 


fob 


valiy 


: owe | 
bearing form of construction. The depth of floor} 
construction for the reinforced concrete frame has been} 
assumed as being of the order of one third greater than} 
that required for the steel frame and this, of course, | 
results in a greater overall height of building for the same 
floor clearance. | 

As would be expected; the building costs, excluding the} 
actual cost of steel are greater for the reinforced. concrete, 
building by virtue of the increased overall height but | 
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Fig. 7—60 ft. span shed 


field of enquiry lies in the conventional cased steel joist 
frame in which by the usual methods of design, the 
contribution of the casing to the overall strength is not 
fully taken into account. ; 
-An analysis of a heavy industrial framed building is 
shown in Fig. 11, in which a comparison is made between 
a cased steel and a reinforced concrete framed structure 
and each in turn compared with a modified part load 


increase is more than offset by the saving in cost of steel 
reinforcement so that the overall cost of the reinforced 
concrete buildings is a little less than those modelled on a 
conventional steel frame. oN LOS aa 

In examining a typical multi-storey office block, ani 
example of which is shown in Fig. 12, it will, of course, be 
found that the reinforced concrete frame often suggests a 
rearrangement in the planning. In this case the lighter 


a 


Member, 1 953%» 


ds to be carried do not require an increase in the height 
ithe building and from the architectural point of view 
2 increase in size of reinforced concrete columns is 
ssibly counterbalanced by the advantages of trans- 
tse floor spanning accompanied by flush ceilings and 
eater freedom of internal planning. 

In the realms of foundation work generally; the 
miliar basic structural problem of preserving the 
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balance between load and resistance emerges with new 
complexities; each containing a varying measure of 
uncertainty in their magnitude and consistency. The 
greatest contribution which can be made to economy will 
no doubt follow from a correct estimate of these factors 
and in a proper choice during the development of the 
design between a structure whose stability generally, is 
invoked by mass or strength in flexure. 
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A fundamental problem in basement construction, for 


example, which is typical of these uncertainties, is to be assume the basement to float in a film of water under ; 


met at the outset in deciding on the magnitude of the pressure head taken from the surface of the clay and hov 
water head in a clay sub-soil for which the retaining walls far this severe condition is justified depends on th 
are to be designed and on how far the pressure from the relative factors of sub-soil and terrain. It might b 


same head can be assumed to remain constant over the worth noting in passing, that in a number of such cases i 
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Total weight 274 tons approx 
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Weight of mains, cables +!0/bs per 
HE run super 

Longitudinal thrust 1800 lbs of 
anchors 

~ Wind loading tb 8.5 5.449. 


SECTION A-A PART ELEVATION ON GIRDER @ TOWER BASE MAIN TOWER 


Scale 4" to I 0" 


Fig. 9—Pipe Bridge. Welded tubular construction 
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CONSTRUCTION DATA. 


1. Total Jength. 2320 Fr. 

2. Weight per 100"0" structural 
steel:- 9% tons opprox. 
(excluding decking). . 

3. Weight per F.run of Bridge 
Girdlers - BO Ibe. : 

| 4 Weight per Mt run’ Decking 

Angles, Handrails and © 

Standards - 20 lb. : 

] | 5. Weight per Fr run including 
supports -/20 Ibs. 1 
6. Cost per ton £72 fi951). 

7. Fabrication time per l00'-0" 

4 weeks (average 
8. Erection time per lo0*0%: 2days 
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Wind load to 8,9.8.449. 
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ver been recorded. 


| ‘The problem of design in mass or flexure will ob- 
isly involve economies in one material at the expense 
another and resolve itself into one of comparative 
lassessment. An example of such alternative treatment 
of a typical basement designed against a specific water 
head i is shown in Fig. 13, The lower slabs are designed 
in reinforced concrete to span between the column 
anchorages and alternatively in mass concrete as dead 
veight. The vertical walls are designed as propped 
antilevers in reinforced concrete and alternatively in 

ss brickwork on the basis of a flat arch as indicated. 
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Fig. 11—Heavy framed building 


iPhis latter approach to the design of a brick wall intro- 
SS more economical proportions than those deter- 
lined on the normal beam hypothesis and accords better 
with the results of tests and experience of their stability. 
Bthiese examples are chosen at random and over as wide 

ange as possible in the limited time available, as 
trations of alternatives to the conventional approach. 
s list does not pretend to be exhaustive and is pre- 
ed less as a catalogue than as an invitation to the 
der to extend the record from his own experience. 


DISCUSSION 


tur PRESIDENT, proposing a vote of thanks to the 
three authors of the Paper, said the Institution was 
eful to them for having written and presented it and 
r the illustrations they had shown. 
here was no need, he said, to emphasise the import- 
e of economising in materials at the present time. 
rt. Gardner’s suggestion to make a comprehensive 
es of tests on members and complete structures was a 
ful one and if we did that we should obtain some most 
able results which would add much to our know- 
(oi 
Expressing agreement with all that Mr. Morton had 
, the President commented on the suggestion that 
¢ should be research into the construction of break- 
ers. He recalled that that suggestion had been made 
a paper before the British Association in 1930. He 
not know whether this meant that we had made 


he ace slab as fall tales no such severe condition 
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The President again expressed gratitude to all the 
authors on behalf of the Institution. 


Mr. T. BEprorp (Member), congratulating the authors 
on a most interesting paper, said it contained some 
enlightening and very valuable information on the 
economics of building structures, and it gave what was so 
often lacking from some of our technical papers, namely, 
the relative costs of the various types of structures, 
without which no true assessment could really be made of 
a design. 

The shortage in the supply of any particular material, 
he continued, might well be just a passing phase, but 
economy in the use of materials and labour was some- 
thing which should always be uppermost 
in the minds of engineers; in fact it was 
a major part of the art of the engineer 
to provide a structure which not only 
suited its purpose but was also econo- 
mical. 


The paper seemed to give rather a jolt 
to the economic stability of the conven- 
tional steel framed bolted or riveted 
structure, for it would be seen from the 
examples shown that in thesingle-storey 
factory structure the use of tubes showed 
up to 40 per cent. saving in the amount 
of steel used and at the same time a 
saving in cost of up to 15 per cent. There 
were also examples of multi-storey re- 
inforced concrete buildings, and there 
again the savings effected could be some- 
thing like 50 per cent. in steel and 10 per 
cent. in cost.. He was quite sure there 
was a place for all types of construction. 
The main consideration, the great aim 
of the engineer, was to choose the right 
construction for the particular job in hand. 

His particular interest on that occasion was in the 
examples of tubular construction shown, and he illus- 
trated some further examples of such construction to 
supplement those given in the paper. 


The first was a drawing of the monitor type single- 
storey factory building referred to by Mr. Creasy in the 
paper. It was about 420 ft. long and 360 ft. wide. The 
drawing showed the 60 ft. span parallel boom trusses with 
two portal frame type monitors. The valley girders 
were of 40 ft. span; so that there were columns at 60 ft. 
by 40 ft. centres. The trusses were designed to carry an 
additional 2 tons each distributed on the bottom chord 
and they each weighed 16 cwts. The weight of the 
structure over the internal bay was approximately 
52 lb. per sq. ft. That might not appear to be a par- 
ticularly economical weight, but it was economical for that 
type of structure, and north light roof lighting through 
the monitors was demanded in that case. 


Mr. Bedford then showed the structure in course of 
erection. The 60 ft. trusses were lifted into position very 
easily by a mobile crane. All the columns were erected 
first, of course. The picture showed the cleats on the 
columns, which cleats were half tubes, semi-circular, so 
that erection was very simple; the crane simply lifted the 
trusses into the cleats and they were self-aligned, 
without further need of support. 


The structure was completely site welded. There 
were no bolts whatever in it, not even for erection pur- 
poses, except the anchor bolts to hold the columns in 
position. The general anatomy of the structure looked 
very clean and. tidy. 
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DESIGN CONDITIONS. . 
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intermecliate story’ including columns, per sq.ft, of covered floor. - 
‘Steel Content“of type A includes Structural Steclwork , 
Rod Reinforcement in floors and casings. 


_ Fig. 12—Framed office building 
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The next illustration gave a closer view of the 60 ft. 40 ft. girders were fabricated at the workshops, and the 
russes with the monitors and the 40 ft. valley girders, connections to the columns were welded on site. The 
owing very clean lines: There were no gusset plates, purlins were tubes, except for the glazing purlins, and the 
but all tube to tube connections, except for the small tubes were welded in continuous runs. 
stiffening plates at the top of the monitors. It was a. The next slide showed the connection of the columns 
ry slender looking structure. The trusses and the with the semi-circular cleats, and a top half circle of 


Foundation’ eesigned for.- 
Soil Fressvre of Si/persq ft 
Woler Head of 8'-O" 


feet ey oe 
etre s 


EVA 


5 ml 


i Ee ee 


Stens at 24'0'crs 


a 8g “9S 4-E » ag 
tae O'S Pitere tees 


STEEL CONTEN 


8-516 


@ @ 
Faclors for sheel conlent ore giver os overage 
ber sg. fl of covered arex. 
, * b . > é ; 
for ‘concrebe' & brickwork “os cn average Huckness 
per $9. FL of Covered crea. 


Fig. 13—Basement construction 
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cleats added afterwards to complete the job. The only 
temporary support for holding up the structure were a 
few bonds; no guys or ropes were required to keep the 
parts in position while welding. 

Then followed an internal view of the factory, showing 
the nice even lighting. It looked very light and clean, 
- and when inside it one did not have the feeling that was 
often experienced in single-storey buildings, that there 
was a lot of steelwork over one’s head. 

This was followed by a drawing of another factory of 
tubular construction. A cross-section on the left of the 
slide showed a series of 40 ft. butterfly type roof trusses 
supported on trussed girders of 120 ft. span. At the 
sides were two 60 ft. spans. The girders, in addition to 
the roof load they carried, would carry an equivalent 
load of about 8 tons distributed, and the butterfly type 
roof trusses would each carry a distributed load of about 
4 tons on the bottom chord; so that the suspended load 
“was quite appreciable as compared with the normal live 
load. The weight of the structure over the internal bay, 
120 ft. by 40 ft. was 64 lb. per sq. ft., so that it was con- 
siderably lighter than a conventional form of riveted and 
bolted structure. It had tube to tube connections 
without gusset plates. An interesting point about the 
factory, which was in course of erection, was that 
practically all the fabrication and welding was done 
on the site; the tubes for the girders were sent to the site 
cut to length, and they would be welded together there. 

The next illustration showed the 60 ft. bay truss where 
it joined the latticed girder, and then the butterfiy truss 
continued over the internal bay. The roof was of very 
light and elegant form and a rather pleasing anatomy. 

Mr. Bedford then showed a similar sort of truss, 
except that the truss connections to the columns were 
made by means of bolts. It was sitting on the top of a 
tubular column, and the bottom chord was joined by 
means of a flange. It was very simple to erect and 
again had a pleasing appearance. 


Mr. A. P. Mason (Member), submitted written 
comments on the paper, in which he referred to Mr. 
Gardner’s introductory remarks summarising structural 
economy as “ the amount of money which is exchanged 
in the process of getting what we want ”’ and relating it to 
the total amount of human energy used. Every 
engineer who had practised for more than 25 years was 
very much aware of the increase in the proportion of 
human energy required to produce the design and work- 
ing drawings before the builder could make a start. 
When imposed loads were high and working stresses low, 
most structures could be designed by quite simple rules. 
In our modern structures we provided probably only one 
third of the strength formerly customary in our office 
- buildings and flats and as a consequence there were not 
so many short cuts in the design, which must be carried 
out with considerable mathematical effort. Asaresult a 
substantial portion of the material saving was expended 
in the human effort of design and since the structural 
engineer was still remunerated in terms of a percentage of 
the total cost he must nowadays work much harder to 
achieve a given result. This might in part explain the 
serious shortage of designing engineers and draughtsmen 
which often exerted a delaying action in the construction 
of a building. When we considered the revision of the 
working stresses in the Codes of Practice, we should bear 
this economic aspect in mind and also have due regard 
for Mr. Gardner’s cautionary words “‘ every step must be 
taken with extreme caution.”’ 

Mr. Mason agreed that in a structural sense there was 
no case against employing load bearing walls, rather the 
reverse, because we must have a wall to keep out the 
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a At sly wot make it serve ie purposes, 
wartime experiences showed that load bearing. wa 
structures had little resistance to blast and it has bee 
proved that only framed structures could withstand th 
atom bomb. The state of the world did not yet justif 
any optimism in the matter and it was futile to mak 
elaborate plans for Civil Defence if we were putting u 
death-trap buildings. i 

Mr. Moreton observed that when reinforced concret 
jetties began to replace timber the arrangement ¢ 
members was a replica and there was the disadvantage ¢ 
carrying out the work between tides. Mr. Mason ha 
always adopted precast piles, horizontal braces an 
diagonals so that only the junctions required to be cast 7 
situ. This system was easily adjusted to incorporat 
pre-cast concrete units. It was however, hardly fa 
to cite the unfortunate results of the highly competitiy 
state of the reinforced concrete industry in its ear] 
stages aS an argument for prcabressed concrete, no or 
would think of allowing only “3 in. cover to the rell 
forcement in present day work. 

The comparative costs of various methods of storag 
shed construction given by Mr. Creasy in Fig. 3 would 
more useful if some information was provided on the un} 
rates employed in arriving at the costs. The figur 
themselves were not free from error. The total weight « 
steel for tubular construction should be 31 tons and tt 
cost £2,980 based on the given rate per ft. super. In th 
case of conventional steel the total weight should t 
53 tons. The weight of steel for a reinforced concrei 
shed was extraordinarily low unless it was assumed thi 
only the framework of a building with a light coverir 
was included. The comparisons would be more con 
plete if figures were given for the consequent maintenant 
costs in which case reinforced concrete would show u 
more favourably. 

He considered that shell concrete roofing should 
considered in this comparison. 

In Fig. 2 the weight of steel required for a reinforce 
concrete heavy framed building had been reduced at tl 
cost of making the floor depths one third greater the 
cased structural steel. Generally, reinforced concre’ 
could be the same depth or very little more than cas¢ 
steel without introducing design difficulties. The con 
parison must be regarded only from the point of view | 


_using the least quantity of steel because the cost of rei 


forced concrete must have been increased by tl 
additional concrete, formwork and walling. The clai 
made that this additional cost was more than offset t 
the saving in the cost of steel reinforcement was not 

accordance with normal experience. As the particul| 
example shown was only two bays wide it did not perm 
comparison with a reinforced concrete flat slab schem 
The imposed load of 180 lb. per sq. ft. indicated a buildiz 


_of the warehouse class in which case columns at 12 i 


centres would not be regarded as very convenient. 

Purely from the point of view of detail, Fig. 13 show 
not be taken by students as a model for their own wor 
If the rods shown bent round the inside of obtuse angl 
were under tension then they would burst away tl 
concrete. If they were not in tension then they were n) 
required at those particular points. 


The paper would be more complete if more of the usefi 
recommendations given in Steel Economy Bulletin No. 
were incorporated, such as the use of high tensile ste 
bars and drawn wire reinforcement. The cost figures 
reinforced concrete structures were presumably based « 
ordinary mild steel bar reinforcement, but in view of t: 
Bulletin figures based on high tensile steel eae hai 
been given with advantage. 


omy in design must be considered in relation to 
ality of the work onsite. The Bulletin stated that 
he hands of experienced designers a stress of 
lb. per sq. in. is reasonable for mild steel bars and 
30,000 Ib. per sq. in. for cold worked bars.”’ In the 
ise of important work where a high standard of super- 
sion was provided no risk was involved other than what 
ust be accepted by lowering the factors of safety. In 
the case of the smaller building, jobs which made up the 
bulk of the volume of reinforced concrete construction 
the same supervision was not provided and there were 
times when one felt that even the stresses allowable in the 
ide of Practice should not be adopted in full. 


Mr. E. H. BLoomFietp (Associate-Member), after 
commenting on the great interest of the subject and the 
able information that had been given, endorsed very 
eartily some of the points raised in the paper. 
First he commented on the general point concerning 
e length of time allowed for the preparation of the 
design and details. He felt that one of the most im- 
portant functions of the Institution of Structural 
Bcncers should be to endeavour to get clients or 
architects into a frame of mind whereby they would give 
the unfortunate engineer time to prepare details before 
the job started instead of having to do that towards the 
end of the job, as so frequently happened. 
It was very interesting to observe the introduction of 
elded tubular .steelwork into modern structural 
methods, and he felt there was a tremendous future in 
that type of construction. It had many advantages, 
| major one being its flexibility in construction; by that 
meant that it could be welded and constructed with 
paratively small plant, without the tremendous set up 
he fabricating shop. Apparently Mr. Bedford made 
various parts of his structures on the site as the 
tion proceeded, which was a very excellent experi- 
t and the length of time required for fabrication was 
much less than for conventional steelwork. 
me was very interested to hear Mr. Bedford speak of 
beam/column connection. Mr. Bloomfield said he 
seen a building of rather the same nature in which the 
rection of the beam to the column was arranged to 
me on saddles, so that any slight discrepancy in the 
agth of the beam could be taken up. It was the 
old type of connection, so that there was no difficulty 
jatching holes and the erection was carried out very 
y- 
t this stage the President left the meeting to attend 
ther function at which he was to represent the 
stitution. He said he had apologised to the authors 
r his early departure, and Mr. Andrews had kindly 
sented to deputise for him. 


r. ‘Waxter C. ANDREWS, O.B.E., M.LC.E. (Im- 
ediate Past President), occupied the Chair during the 
ainder of the meeting. 


8 
‘Mr. A. B. Dartey (Member), said that a client expected 
Consulting Engineer to advise him as to the quickest 
e cheapest way to doa job. 
made a plea, however, for keeping in mind the 
‘tance of the aesthetic side of engineering, which 
ps was not economy, the subject of the paper, but 
indeed very frequently the contrary. Before the 
- world war he was an architect, and as the result of 
ining he always kept appearance in mind. 
the case of factories he understood that the manage- 
found it paid them to paint the interiors in 
ful colours; this kept the employees happy, and the 
ments were repaid by way of better work. The 
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same should apply to the structural work. During the 
war the Government had required the use of square 
gussets in roofs, which was a mistake. He always 
admired Victoria Station roof, where the gussets were 
very nicely curved; it appeared to him that the designers 
of that roof had the aesthetics of the construction 
definitely in mind. 


Mr. Joun KincG (Associate-Member), added his 
congratulations to the authors and made two suggestions, _ 

First, he said the scope of such research as had been 
done was obviously very considerable. But it seemed 
that those who were engaged in the smaller offices had to 
look to larger establishments, such as Government 
Departments, for the bulk of the research, and as a 
method of publicising Mr. Creasy’s case book, which was 
an excellent idea, he suggested that the Building Re- 
search Station might perhaps do something along the 
lines of their very excellent Building Research Digest. 

Secondly, in connection with effecting economies, we 
all knew the very bad standard of reinforced work which 
was done by some of the smaller builders, which rather 
complicated matters. But he suggested it might be 
possible that firms which were known to have a very high 
standard of site supervision could be permitted by the 
Authorities to use higher stresses, the less efficient being 
permitted to use only the lower stresses. An economy of 
10-15 per cent. might be effected thereby. 


Mr. R. G. Taytor (Associate-Member), recalled 
Mr. Gardner’s reference to overall economy in energy, and 
in energy as applied to actual building materials, and 
said the tubular structure not only effected economics in 
materials, but also showed economy in the amount of 
painting required, and so on. His firm had found that, 
with a 40 per cent. saving in the amount of steel used, 
they very often achieved 40 per cent. saving in energy, 
which in the case of a large roof was important. 

In regard to aesthetics, generally speaking a tubular 
structure had not gussets, so that it had a lighter and 
more pleasant appearance; the general size of the mem- 
bers was smaller and more light was allowed to come into 
the building. 

Referring again to paint and painting, he said that not 
only was there a saving in the amount of paint used and 
in the labour involved, in tubular construction, but the 
structure itself was easy to paint. On the other hand, if 
we had to paint angles with 2 in. gap between them we 
should first clean them; but he questioned that we could 
in fact clean them adequately. If, however, we em- 
ployed double tubes we took great care to ensure that 
there was plenty of space between them to allow cleaning; 
the tubes were also self-draining in respect of both 
moisture and dirt, and there was not a bed on which 
corrosive substances from the workshop would rest, 
substances such as concentrated acids, which would eat 
into the steel if proper maintenance precautions were not 
taken. 


Dr. E. H. BatEMAN (Member), commenting on a 
remark by Mr. Gardner that we must not be led too far 
off the practical track by an elaborate analytical 
approach, said he had always been rather interested in the 
analytical approach. For many years we had been 
inventing new methods of analysis, and he asked if Mr. 
Gardner would not consider it reasonable that some of us 
might be put to work to use the analyses, instead of 
hoping that the junior draughtsman would apply them. 
We needed a little more standardisation. We could not 
standardise everything in building construction, of 
course, but a number of things might be standardised. 
For example, some attention might be given to the 
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anatomy and design of standard types of roof trusses of 
convenient span lengths. Much time and effort might be 
saved if we had some standard optimum patterns for 
simple things which could be taken off the shelf. After 
all, we did not work out everything from first principles, 
but used the reference books, and we should extend the 
scope of reference in design. 


Mr. GEOFFREY PALMER (Member), mentioned an 
experience he had had about 15 years ago, which might 
' serve as a comment on Mr. Gardner’s point about inter- 
sections of members in structures. A new plant house 
had to be put on the roof of a London theatre. It was 
found that a lattice girder, having a span of 60 ft. or so, 
was adequate to carry the extra load, so far as the sizes of 
the members were concerned, but the intersections at the 
end of the girder were roughly 10 in. apart on a vertical 
line through the support. The effect was evident when a 
line was strung along the end members of the top and 
bottom booms; the curvature due to local bending could 
beseen. He put an extra member in the girder, starting 
from the first intersection point of the bottom boom and 
connecting to the top boom a foot or two from the end, 
tightening the new member by warming it up before 
connecting it. The original bottom boom plus the 
additional member constituted in effect a bottom boom 
in the right place. The extra load was then applied 
quite satisfactorily. 


THE CHAIRMAN, commenting on Mr. Gardner’s 
reference to wall panels and the use that could be made of 
them, said that most engineers were afraid of using them, 
even if permitted by regulations to do so, because of the 
danger that particular panels might be moved. There 
were many cases, however, where the possibility of brick 
panels being moved was very unlikely. He had had the 
opportunity to use them structurally in a block of flats in 
Scotland which had a reinforced concrete frame. ~ In the 
ordinary way the party walls would have applied a 
considerable load on the beams at each floor level. He 
had avoided this by carrying the load of the complete 
wall right down to the foundation and had taken the 
precaution of having the wall built as the floors and 
frame went up, so that the weight of each brick panel did 
in fact rest on the one below. That had effected a con- 
siderable saving in construction; and no harmful effects, 
as far as he was aware, had resulted. 

Most of the Bulletin was concerned with saving in 
materials; but two important instances had been men- 
tioned, by Mr. Morton in the case of jetties and Mr. 
Creasy in the'case of buildings, of the use of different raw 
materials, giving a better result and at the same. time 
saving money. He mentioned that because we must be 
careful what we meant by “economy.”’ Economy in 
the use of a particular material was a passing phase. At 
one moment we were concerned about one material, anda 
few months later we found that we had to worry about 
some other material. We were in a period of rapidly 
changing values, particularly as we were not working toa 
free economy and when artificial values were placed on 
various materials, and he felt that money economy was 
the only safe yardstick. 


Mr. Gardner, replying to the discussion, said the two 
cases discussed by Mr. Bedford were very fine examples 
of economy. It was interesting, however, that when 
Mr. Bedford had shown him the first one he had taken 
Mr. Bedford to his office to check up, and found the unit 
weight 0.80 Ib. per sq. ft. in excess of the minimum. 
The reason was that the trusses had to carry an incidental 

load of two tons; and that accounted for the difference, 


one. Reinforced concrete might not always be very wi 


‘that single intersection systems were not used, whic 


Aen : 
‘The Structural E ol Engine 
i | 
The hee of 5. 75 Ib. per sq. ft, overall welbht niches | 
been 4.95, but for the extra 2 ton loads. In the secot 
case the figure of 6.25 Ib. per sq. ft. would have bee 
5.60 if the additional loading had not been imposed. i | 
. With regard to Mr. Mason’s reference to load bearit) 
walls and blast, one could only say that if it were i 
perative to deal with blast we could not in general hay) 
load-bearing walls. Incidentally, however, substanti 
old-fashioned buildings with cellular construction formy 
by division walls, were found to be very resistant to bla 
in the last war. { 
With regard to shell construction versus trusses, k 
Department had found very little, if any, saving there. 
The point about reinforced concrete stresses was a SO! 


designed, nor well constructed; but he was strongly of 
opinion that nevertheless, it would be difficult to find 
reinforced concrete building erected so badly that. 
would not be completely safe in normal use at increas 
stresses. 

Commenting on Mr. Andrews’ reference to wi 
panels, he said that a particularly good case was t] 
diaphragm panel in a long shed, where, if there were t¢ 
and bottom members, the wall panels would look aft} 
the rest, and the bricklayer was saved much unnecessai| 
labour in not having to hack the bricks about to fit t] 
bracing. 

Coming to Mr. Bloomfield’s reference to tubal 
construction, showing advantages from the point of vie; 
of economy and aesthetics, he said Mr. McMinn (who wi 
present) had gone into the matter very carefully and hé) 
produced some very fine details. There was really 
marked saving, from many points of view. Mr. Gardn 
suggested that there would be an even greater say 
steel if rod tension members were used. 

Expressing sympathy with Mr. Dailey’s view th 
engineers should pay more attention to aesthetics, he sa 
he believed that many structural designers were oblivioi 
of that aspect and knew nothing about the subjec 
which was bad. Tubular construction would gh 
marked help in that direction. 

Square gussets, of course, were an aesthetic abomin 
tion; but if one sold gussets they were cheaper th) 
way ! 

The Victoria Station roof which Mr. Dailey mentione 
was designed in the London, Brighton and South Coa 
Railway Company’s office by a Mr. Osbalddeston, ar 
Mr. Gardner was in the Chief Engineer’s office soon aft 
that time serving under him. 

In reply to Mr. King’s remarks concerning concre 
stresses, he reiterated his previous. remarks, and he fe 
that there was no risk in increasing the stresses, provide 


might permit cracking between the top and bottom 
bent up bars. 

He was, of course, in agreement with Dr. Batemanlt 
regard to the analytical approach in general, but explai 


example the case of battened stanchions, .- 
the rest of one’s life in trying to evolve a complete: 
rational approach it would be wasting time; and be of r 
great value in practical design; and the number of yea 
that had been devoted to such work was already remar! 
able. The analytical methods so far evolved could t 
better used as guides to simple rules which enginee’ 
could use; and rather than spend more time on furth: 
analysis let us make typical battened stanchions and te’ 
them to arrive at comprehensive answers. He was < 
for analytical enquiry, backed up in this way, but not fi 
launching analysis into the engineering world at lz 


Ye 


et i 
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3 the majority did not fully understand it, and 
eit was in fact very seldom used. 
necessity for such enquiry being made by the big 
isations, so that the results would be useful to other 
had been mentioned by Mr. King. If the general 
es were settled, the bigger consulting engineering 
and drawing offices could produce their own sheets 
a. 

m Dr. Bateman’s reference to anatomy, he said he had 


ad truss anatomy. Professor Fidler went into the 
a ter in his book on bridge construction, one of the 
jes books ever written; and every engineer should read 
land should keep the question of anatomy fully in mind 
hendesigning, = 
le was very glad that Mr. Palmer had made reference 
shoe intersections. The intersecting of members at 
ie shoe was very important and one often had to draw 
tention toits neglect. Ifit were ignored asit often wasina 
wing office, with a view to reducing costs, it was very 
idom that the secondary effects were checkéd up. 
f the past there had been some failures in America 
sulting from this, in which the gussets had torn 


‘Mr. CrEAsy said that he was grateful to Mr. Andrews 
having emphasised the point he himself had tried to 
jake; that it was extremely important to maintain 
Bepegtive in regard to the problem of Economy. 
the late Professor C. M. Joad would have said, “ it 
epends what you mean by ‘Economy’’’. This 
-embraced so very many different interpretations 
ding to the passion of the moment and he had 
med it more useful to write this third Section of the 
as referring to “‘comparative forms’’ of con- 
ction. 
hat brought him back to the point that in the solution 
each problem as presented it was important to con- 
sr a broad series of illustrations from which a selection 
id be made of that form of construction which best 
ed the immediate terms of reference. In these cir- 
tances the Engineer’s task was greatly assisted by 
ence to a Case Book setting out the potted experience 
rks constructed and investigations made, and the 
- was intended as a first contribution to such a Case 
k for which further examples would be gratefully 
eived. . 
the risk of drawing a shadow across the somewhat 
eulogistical approach to tubular construction which 
been in evidence during the discussion Mr. Creasy 
ed out that one did not always necessarily effect big 
gs in cost by using tubes. Indeed, he had included 
incurred by the substitution of tubes for con- 
onal framework, thereby illustrating once again that 
h problem must be solved according to the conditions 
uliar to it. When these were favourable such as with 
d repetition and big workshop demand the cost would 
low; but at the other end of the scale the cost might 
ll be high where, for example, the detail was not suit- 
or the use of tubes, where there was not a workshop 
nd or where the tube availability was unsuitable. 
problem must be considered very critically and 
ted according to the particular circumstances 


| lying at the time. : 


‘the Author had tried to make it clear that the 
was deliberately drafted in the form of a Case 
with a view to inviting similar contributions and it 
1 somewhat negative approach to criticise the 


d that a lot of young designers simply did not under-. 


paper a case in which a considerable extra cost had — 


general point arose from Mr. Mason’s contribution 


u 251 


examples chosen because of those which had been missed 
out. For example; it was time of course that reinforced 


concrete beams could be constructed of the depth as 


steel beams but in the particular examples chosen the 
former were 1 ft. deeper than the steel; likewise in this 
particular case the increased cost of the building was 
offset by the reduced cost of steel reinforcement. No 
doubt other cases showed different results—it was the 
Author’s purpose to invite these. 

Concerning Fig. 3 the figures given for tonnage and 
cost were correct and from these the rate per ton could be 
deduced. Some rounding off had been made to the 
figures for the cost and weight of steel per sq. ft. of 
covered area but the Table as printed had been adjusted 
to set out the information in the form desired. To 
preserve the comparison the reinforced concrete con- 
struction is used only for the frame employing the same 
covering as for the other forms. 


Mr. Morton, dealing first with the President’s 
question as to whether any advance had been made 
during the last 20 years or so in the methods of con- 
struction of breakwaters, said that, apart from the new 
types he had mentioned in the paper, he did not know of 
any. Unfortunately, breakwaters were not the sort of 
things that were made every day, and at any rate in this 
country he did not think that any had been commenced. 
during the last 20 years or even more. A few had been 
constructed abroad, but he believed that generally they 
followed the traditional method and that not very much 
that was novel had been produced except for the Dutch 
design which was devised for the reclamation work on the 
Zuyder Zee, as described in the paper. He would be very 
interested to hear whether, during the storms of two or 
three months ago which had caused so much flooding in 
Holland, that type of construction had stood up to the 
waves better than the old form of dyke. 

So far as the actual production, of a breakwater type 
structure was concerned, he recalled that during the war 
the Admiralty had connected up several islands in the 
Orkneys by causeways to protect Scapa Flow, and 
whilst he did not say that they had introduced an 
entirely novel form of construction, they had introduced 
something new in building the causeway mounds which 


’ bear a close relation to breakwaters. They had a quarry 


in the Orkneys which yielded a poor quality stone which 
in the quarrying tended to break down into small pieces, 
and, as at the sites of the causeways swift currents ran 
continually, such small material as was quarried locally, 
if thrown into the stream, would have been swept away. 
Cement was in very short supply, and the idea was 
adopted of making bolsters of netting into which the 
small stones were filled; the bolsters were dropped into 
the stream, and this method proved to be very successful. 
The causeway slopes were protected by heavy concrete 
blocks. As could be imagined, a causeway built in the 
manner he had indicated, with the bolsters, was subject 
to considerable settlement. The bolsters gradually 
bound themselves together and, as they settled, the big | 
blocks on the outside tended to slide down; and water 
passing through the mound tended to wash away the 
firm material through the interstices between the blocks, 
The means adopted to prevent the erosion and to 
stabilise the blocks was a method first practised by the 
Dutch, which was to deposit hot asphalte between the 
blocks. The mass of hot asphalte maintained its heat 
and plasticity for a sufficiently long time to penetrate 
into the interstices, binding the blocks together and pre- 
venting the scouring out of the smaller material behind. 
Dealing with the reference in Mr. Mason’s remarks to 
the use of prestressed piles and members in jetties, Mr. 
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Morton said he had purposely refrained from a full 


discussion of the general advantages and disadvantages 
of prestressed concrete in jetty work, but had dealt 
particularly with prestressed piles. The latter were now 
getting to be such stock commercial articles that they 
were produced at little, if any more, cost than the ordinary 
traditional concrete piles. At the same time, they 
required only about 20 per cent. of the amount of steel 
used in ordinary piles, and this saving in steel was one of 
the main reasons for mentioning prestressing in the 
paper, because, at the time it was written, steel was one 
of the structural materials which was in extremely short 
supply. All structural engineers would recall the 
difficulty there was at that time in getting deliveries. 

As to the use of precast concrete bracings which one of 
the speakers had mentioned, Mr. Morton said he had used 
them, but considerable site work was involved in drop- 
ping the connections over the piles and grouting up the 


antler space ie had 1 to Be Shenae to allow fort 
possibility of the pile not having been driven in exact 
the right spot. He believed the advantage lay in ‘| 
type of thick slab construction, where there were meré! 
vertical piles to support the load, together with rakers, 
resist horizontal shock. 


THE CHAIRMAN, in thanking the speakers in t 
discussion and the authors for having replied, said t} 
paper was originally intended to introduce the questi’ 
of economy and to explain what was behind the Bullet 
It would be agreed, however, that the paper represent’ 
a valuable contribution in its own right and would be 
useful addition to the Institution’s records. The par, 
had given rise to a very good discussion and an airing | 
views, and even if the meeting had only been able | 
emphasize, however incompletely, the problem | 
economy, it would prove to have been worth while. 


A Simple Theory of Suspension Bridges 


Discussion on Professor A. G. Pugsley’s Paper* 


_ The PRESIDENT proposed a vote of thanks to Professor 
Pugsley for his valuable paper, and for the explanations 
he had given in presenting it. 


Mr. H. H. Leys (Associate-Member) submitted the 
following comments : “‘ When I first perused Dr. Pugs- 
ley’s paper, it seemed quite out of reach of an ordinary 
practitioner in short span suspension bridges, I therefore 
re-read the paper hoping for some easement from the 
voluminous calculations with which I have always had 
to surround real suspension bridges. 

“With one sweep of the pen, the learned author 
abolishes all the effects of the extension of back stays, 
straight or loaded, the very real effect of suspended side 
spans on the deflection and distortion of the central 
span, the range of temperature, and half-a-dozen other 
matters that have to be selected and decided on before 
calculation can proceed. 

‘The dead load alone presents great difficulties in 
real life. The total horizontal pull, being about 3,750 
tons, implies a cable weighing at least 350 Ib. per foot. 
A stiffening girder of 80 sq. in. boom section with suitable 
‘web will need 650 lb. per foot. I have assumed in what 
follows, that each cable carries at leat two lines of traffic. 
With wind at only 20 lb./ft.2 the wind system will weigh 
at least 100 lb. and the floor framing with cross girders 
50 or 60 feet long will need at least 380 lb. per foot, thus 
leaving less than 3,000 lb. per foot run for 25 sq. ft. of 
floor or about 30 lb. per sq. foot. I would deprecate 
using less than 45 lb., i.e., a factor of safety of 50 per cent. 
against the uplift of the 30 lb. wind envisaged in BS. 153 
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z fi the matter of live load it may be true that an 
allowance of 1,000 tons per cable is ample for assessing 
the cable area, but for deciding the loading and 
especially the partial loading, it is utterly inadequate. 

“Putting aside the debatable HB loading (go tons) 
of the BS now under draft, the average loading to be 
expected is the four-axled A.E.C. Foden lorry which 
operates on pneumatic tyres each carrying two tons. 
The maximum load per vehicle is therefore 32 tons on a 
loaded length of 24 feet: 


*Read before a meeting of the Institution of Structural Engineers 
at 11, Upper Belgrave Street, London, S.W.1, on Thursday, March 
26th, 1953, Mr. E. Granter, B.Sc.(Eng.), MJI.C.E., M.I.Struct.k. 
(President), in the Chair. Published in THE STRUCTURAL EN- 
GINEER, Vol. XX XI, No. 3, pp. 75-82. (March, 1953.) 


““T have before me a graph showing the effect 
22 ton mammoth A.E.C. lorries parked or halted at 
check and find from it that the intensity of loading : 
two 10 ft. carriage-ways is 1.96 tons per ft. run, or; 
loaded length of 40 feet, and 1:82 tons per ft. run, or! 
loaded length of 100 feet or over. That is, the loadi! 
to be taken for local bending in the application, is my} 
greater than that used in the design of the cable. 

‘Using Steinman’s formule it is perfectly possible 
allow for these changes in ascertaining the load 
length. With this variant in mind where the ratio 
local loading for the girder to the general loading of t 
cable is about 34 to I (a ratio that may well occur 
shorter spans), it seems to me that the effective load 
length will be a very much greater fraction of the sp 
than has been assumed in the paper. 

“Tf we let the stiffening girder be, as the autl 
suggests, of uniform J of 5 x 108 in 4, and of def 
30 feet, then it will be the stiffest stiffening girder 


‘record. The Bronx Bridge girder is 11 feet deep 


2300 ft. span, or 1/210 of the span ; that of the Golc 
Gate, 25 feet on 4500 feet, or 1/168 ; of the Geo: 
Washington, 29 feet on 3500 feet or 1/120 but 1 
present example, 36 feet on 2500 or 1/84th of the spi 

“It is therefore not surprising that even with i 
movable towers, the fraction of the live load (load: 
over the whole span) carried by the girder amounts) 
18 per cent. I suggest that, with the addition of toy 
relaxation and suspended side spans, the amount wo? 
be nearer 28 per cent. and that would bring the gire 
towards the point where temperature would be’ 
material factor. 

“If a graph is made (for a stiffening girder of consté 
boom area and varying depth) of the relation of the lc 

BE 


carried 


(set out vertically) to the moment 
inertia J (set out horizontally) and due regard is had 
the reversal at quarter point and stresses developed 
relation to an agreed compressive stress in either boc 
then it will be found (starting from zero, share of © 

live load carried by the girder and increasing the amo! 
of.inertia), that from PL/1000 to about 3 or 4 x PL/1o} 
the load accepted by the girder rises very slowly ¢ 
that for any small change of L the change of accep’ 
load is small, At about 4 PL/1000, however, the cu’ 


sharply giving an area where a small change in £ 
ices a large change in the load carried and therefore 
boom stress (an apparently unstable situation). 
about 7 PL/1000 the curve flattens out and 
s to its asymptote, at 125 PL/1000, near which 
the temperature would become a major factor 


“a very small extension in the cable would soon 


CARRIED BY STIFFENING GIRDER. 


FRACTION OF LIVE LOAD 


° 


stress indeterminate. 


SMALL BOOM AREA 
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“ T have allowed for an uplift of eleven tons per road 


‘track on a span of 280 feet, and if every condition of 


loading is considered I am certain it will be more on a 
light 2000 ft. span. 
“ Similarly, I am unable to conceive of the full and 
the dotted lines in Fig. 3 arising from the same formula. 
“ The full line shape suggests the elastic foundation 
formula and is only true or approximately true if the 


INELIGIBLE THROUGH 
TEMPERATURE 
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LIMITS OF SAFE SELECTION ~ 
OF I AND OF BOOM AREA 


—MOMENT OF INERTIA — 


Curves refer to constant boom area and varying depth. 
OA,, OA,—George Washington bridge type (I very small). 
A,B,, A,B,- —position where § (load)/sI is large and 


D—Bottom limit of economy for small bridges. 


iF £—Author’s selection X Y-incidence of temperature stresses. 

bs 3 F,G,, F,G,—Limits within which temperature is a major 

a stress. 

: ; : By.Bo.B,.B,.X F,.F,.Y—limits of area for safety. 

“On plotting one or two curves for such cases by second intersection of the curve with M-O occurs before 


ng the boom area, it will be seen that, for any given 
ym area, there is a safe value of J, 1.¢., a safe girder 
h which would give an economical weight of girder 
d yet avoid the dangerous intermediate slope. If, of 
tse, the bridge is so wide and so heavy as to be 
ependent of wind effect and where the ratio of live 
ad loading is very low as in the George Washington 
ge, it may be safe to use the flat part of the curve 
iE =O in-cable area... 
As regards suspenders, the author has ignored the 


than any local load so that I suspect that when the 
ander is fully loaded, i.e., when there are only a 
le of lorries reacting in the same cross-section, then 
displacement of the cable is so small that the de- 
on of the girder over the span.of two suspender 
Is has practically to be taken up by assuming the 
e immovabie. 

have done a little work on rail stresses with the 
p of Indian railway papers 226 and 265 and IRE 1018, 
t all these assume an infinite length of elastic founda- 
‘and J am frankly puzzled by section $4 and Fig. 2. 
formule 9-12 predicate an infinite beam with nodes 
4 Xr 2x 

d intersection (M-O) at pitches — , yetea ad 


not know if it is a coincidence that in Fig. 2, the 
ic curve so drawn as to give M-O, at ratios equivalent 


a and x27 with ~ and 27 at the end of the span. 


4 
“ The real loading would be an envelope of a series of 
sse curves depending on the loaded length. If, 
rding to section S.5, the loaded length is of the 
te of 500 ft. (then, owing to the concentration in 
life, it will be something less), then it is a physical 
ity that a very considerable negative moment 
exist at the unloaded end. 


that the loading on his cable is of far greater quan-— 


. the end of the span. The total curve of BM stressing 


is not only an envelope of the solid line for loading of 
all lengths and all agreed intensities but also that of the 
varying intensities for loads spreading from the centre. 
If these are plotted, it will be found that the reversal 
uplift BM is always a material proportion of the total 
BM which has to be resisted by the section modulus 
of the girder. I submit that, in what the author would 
call a short span (and I would call a span of normal 
length), the live load to dead load ratio is so high that 
no non-terminable equation could ever represent the — 
facts, while, for the longer spans, it is the neglected 
condition at the end and the eighth or even tenth of the 
span range of loading that will produce the maximum 
range of bending moment. In addition, the crucial 
matter is not the total deflection or displacement, it is 
the radius of curvature that determines the stress. 


“The essence of avoiding large, slow, dangerous 
vibrations in practice would surely be to create panels 
of slightly varying length, particularly at the centre, 
where the flatness of the cable makes the anode length 
of the girder similar to that of the cable, and the prob- 
ability of synchronism high. It seems a minor point, — 
but it should be possible by slightly altering the length 
of adjacent panels or the depth between flanges, or the — 
shape of the boom of the girders (or all three) to produce 
a unit of either so high a frequency or of such high 
damping coefficient as to make the bridge stable.’ 


Mr. O. A. KERENSKY first congratulated Professor 
Pugsley on his discovery of a new approach to the 
problem of suspension bridges. His paper was im- 
portant for two reasons, first because it gave an easy 
understanding of the function of the stiffening truss, and 
secondly, because it gave a relatively quick approxima- 
tion to stresses in the structure, with sufficient accuracy 
for a preliminary design. 
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The following data must be available before ee 
calculations can begin : 

(1) Total dead load. 

(2) Size of cable. 


(3) Length and intensity of the live load which was 


likely to produce maximum moments at various 
points. 
(4) Inertia of the stiffening girder. 
(5) Chord Areas of the stiffening girder. 
The last two items are the most difficult to guess, and 
the error in one affects the other. For example, if 
inertia were about right, but the area turned out to be 
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too small, an increase in area increased the inertia, and 
that in turn increased the moment to be carried by the 
girder, thus requiring a further increase in the area, at 
the same time changing the gravity stiffness of the cable 
by the introduction of additional weight. An exact 
analysis by a team of experienced calculators took 
literally months to complete, and therefore it would 
easily be appreciated how important it was to have a 
quick approximate method for arriving at the required 
data with reasonable accuracy. 

Professor Pugsley’s method actually enabled one to 

calculate : 

(1) Moments and. cieaien in stiffening trusses. 

(2) Length of load causing maximum moments. 

(3) Pull in the cable. 

(4) The load on hangers. 

Of these, only the first two items were really useful, 
giving a very short cut in comparison with other known 
methods. The last two items were of no consequence ; 
the pull in the cable could easily be obtained from 

wl? 

—— , and the load on hangars was not important in the 
8 

teil stages of design. 

He was not clear whether Professor Pugsley claimed 
that the final design of an important bridge: could be 
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made by his elastic foundation method, but assume 
that he did not. In that connection Mr. Keren 
said that normally suspension bridges -came into the 
own and became fully economic only for large span 
i.e., 1,000 ft. and upwards, there being no known uppt 
limit, and for major and very expensive structures + 
that kind the best analysis should be used, and yea: 
of work in the office were fully justified by the resultin 
savings in the cost of such bridges. 

The best exact method available to- _day was that t 
C. D. Crosthwaite, who had refined and complete 
Professor Southwell’s Relaxation method. At preset 
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there was only one reasonably quick method of gettir 
the necessary approximate data, that by Hardesty ar 
Wessman. This semi-empirical method gave goc 


one now produced by Professor Pugsley. 

At this point Mr. Kerensky said that the classi 
theory of Rankine was absolutely useless for the desig 
of modern suspension bridges and should be left out : 
text-books which attempted to deal with this subjec 
except for the purpose of exercises in structural » 
genuity ; it was misleading and confusing. Cou 
anyone imagine, he asked, that a 30-ft. truss uniform) 
distributed a point load over (say) 3,000 ft. spar 
Anything might happen to a bridge designed on such 
misconception of facts. Perhaps we should soon s¢ 
Professor Pugsley’s method replacing Rankine’s : 
elementary text-books—not that the new method wi 
elementary ! — 

His firm had had an opportunity: of checking Profess« 
Pugsley’s method, though not yet completely, again) 
the more exact designs for the Severn and Otto Be 
bridges, and Mr. Wex would give a brief summary of th 
results of the checks. 

As a minor point, Mr. Kerensky suggested that tl 
presentation of the paper would be improved by elal 
orating the descriptions of the diagrams. Thus, j 
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‘at any point due to load at that point,” and in 
2 the horizontal axis should be defined as “ Bending 
pment for girder due to point load at quarter point.” 


ecking of Professor Pugsley’s method, first explained 
mat he meant by the term “side span interaction.” 
{mn the paper, he said, Professor Pugsley had assumed, 
for the purpose of a simplified analysis, that the cable 
was rigidly held at the tower tops. However, most 
bridges as constructed had either suspended or un- 
aspended side spans (straight backstays). In the case 
cf A 
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+ 
bridge with suspended side spans the effect of a 
load on any part of the centre span was to deflect 
tower tops towards the centre span, causing the © 
span to sag, the side span cables to rise and as a 
t of this the side span trusses to hog. He then 
ed a line diagram of the proposed Severn bridge, 
ng a centre span of 3,240. ft. between towers, and 
spans of 1,000 ft. The diagram showed the general 
ut. San 
ig. A). Envelopes of maximum bending moment 
the centre span of the proposed Severn Bridge, 
aring values obtained by Professor Pugsley’s 
pproximate method and an “ exact” method (Cross- 
aite). 
e: ale of Transport type loading, varying in 
sity with loaded length was used for this bridge. 
could be seen from the slide that : 
i) Bending moments in the centre span trusses 
were not much affected by replacement of 
suspended side spans by rigidly arichored tower 
we LOS. 
ii) The value of the foundation modulus, k = 20w/d, 
as proposed in the paper, did not give very good 
agreement with the exact solutions. 
| The value of k = 12 w/d, chosen to produce the 
known maximum bending moment (about 
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67,000 t.f.) at the eighth point, gave values for 
the rest of the span which agreed fairly well 
with the exact values, the maximum error 
being around the quarter point. 


It would be noted that from the quarter point to the 
half point the elastic foundation analogy gave practically 
constant bending moment, exhibiting the infinite beam 
characteristic stated in equation (11). 


(Fig. B). Severn Bridge deflections. The curves 
showed the deflection at points along the span under 
the centre of a load, 400 ft. long, as it moved across 
the bridge. 
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It could be seen that the effect of the relaxation of 
the tower top was to increase considerably the deflection 
under the load. Explaining what he believed to be the 
reason for the greater sensitivity of deflections, than 
bending moment, to side span interaction, Mr. Wex 
said that the answer lay.in the length and flexibility 
of the trusses which could take up the extra deflections 
permitted by inward movement of the tower tops with 
only a very small change in truss curvature. 

Professor Pugsley’s method with a modified modulus 
gave good agreement for deflection at the 4 point and 
at the 4 point for the case assumed, that of anchored 
tower tops, but it was different at the } point. There 
was a similarity between the two dotted curves shown 
on the slide and Fig. (1) in Professor Pugsley’s paper. 

From inspection of this figure one would expect 


- maximum errors in both moments and deflections, due 


to the assumption of a mean uniform foundation modu- 
lus, to occur at about the quarter point. 

He then showed an outline diagram of the Otto Beit 
Bridge in Rhodesia. The length of the centre span was 
1,050 ft, The back stays were unloaded. . 

(Fig. C). Envelopes of maximum bending moment 
for the same bridge comparing values obtained by 
Professor Pugsley’s method and the design curve 
(Moissief}. ; 
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A loading curve of varying intensity was also used in 
the design of this bridge, but it was not as sharply varied 
as the Ministry of Transport curve. 

In this case the modulus chosen to give good 
agreement with the design curve was k = 10 w/d. This 

value might possibly have been deduced from the Severn 
Bridge value of k = 12 w/d (sag rates 1:10). The 
stiffness of a suspension bridge approximately varies 
inversely as the sag ratio so that for the Otto Beit 
Bridge sag ratio 1 : 8.4 one might expect that k = 12 w/d 


8.4 bending moment and the moment for the foundation, 
x —— = 10 w/d. For preliminary investigation of w | 
10 As an example, using the figure of k = 20 — as postu. 
suspension bridge stiffening trusses the method of 4 
Hee OTTO BEIT BRIDGE | 
ENVELOPES OF MAXIMUM BENDING MOMENTS oe | 
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Hardesty and Wessman was useful and for an approxi- 
mate method very accurate. It suffered, however, from 
three drawbacks. 

(a) It did not give values of shear in. the stiffening 
truss. 

(b) It did not deal with loading curves of variable 
intensity and assumed that the critical loaded 
length was .4 of the span. 

(c) It did not deal with a knife edge loading such as 
the Ministry of Transport required in addition to 
the variable distributed load. 


Professor Pugsley’s method was capable of dealing 
‘with these difficulties providing a suitable value of the 
foundation modulus was known. The values of suitable 
moduli might be obtained, for general use, from a 
statistical investigation of several existing bridges for 


which the relevant design figures could probably be 


easily obtained. 

With regard to (b) above, using the formula on 
p. 79 of the paper with k = 10 w/d or 12 w/d the critical 
loaded length of Otto Beit Bridge was estimated to be 
4,200 inches ; it was in fact 4,400 inches. For Severn 
Bridge the paper gave 550 feet ; in fact it was 400 feet. 
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ally cropped up ; Mr. Wex asked if an explanation migh 
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One would expect the true critical loaded lengths to be 
shorter than those predicted by the paper because bot 
bridges were designed for a variable loading curve. The) 
degree of shortening would depend on the rate of change 
of loading intensity with loaded length of the loading 
curve. 

Next, Mr. Wex queried the author’s statement about 
the sensitivity of the truss moment tok. In equation (7 
the moment in the truss was the result of a small differ: 
ence between two large numbers, the simple beam 


lated in the paper, he found that at the 4 point of thi 
Severn Bridge the exact moment taken in the cable wa 
542,000 tons/ft., and Professor Pugsley would say it wa 
558,000 tons/ft., a difference of only 3 per cent. But thi 
moment in the truss, by the exact method, was 59,001 
tons/ft., and the author’s figure was 42,000 tons/ft., a1 
under-estimate of 29 per cent. So that the moment 
the truss was rather sensitive because of the fact tha, 
it was the difference ‘between two large numbers. 
An interesting point about the investigation describe« 

w 

in the paper was that the modulus of k = 12 — continu 
d 


be as follows : 

In Fig. 1 in the paper Professor Pugsley plotted th; 
deflections at various points along a suspension cabli 
when a single load was placed at that point: A mear 
deflection line was then assumed from which a valu 
of foundation modulus was obtained. 

If however one plotted the influence line fo 
deflection of a gravity stiffened cable, say for the ha 
point, it was immediately possible to see the effect o 
the half point deflection of loads elsewhere on the cable 


= 


| 


/ ase vet Otto Beit Bridge such an fatteenbe line 
ti pk ted for a cable of sag ratio 1 : 8.4, and using the 

aded length of 4,400 inches symmetrically placed 
t the centre line of the bridge the area under the 
ence line and thus the half point deflection of the 
e was obtained. This deflection was 204 in. for a 
intensity of .083 tons per inch (i.e., 1 ton per foot), 
at the foundation modulus was given by : 

.083 

= .0004 tons per inch?, 

20 
value agreed with the one obtained from k = 
10 w/d. Such agreement was of course somewhat 
tuitous in view of the great simplification of the 


Finally, Mr. Wex added his own congratulations to 
ofessor Pugsley for a most interesting paper and for 
faving put forward an approximate method of pre- 
fminary investigation of suspension bridge trusses 
vhich he was sure was capable of a great deal of develop- 
nent, possibly on a statistical or semi-empirical basis. 

| Dr. E. H. BateEMAN (Member) commented that he 
vas the only speaker so far who was not a designer of 
uspension bridges, and he had been greatly impressed ; 

f he had to design a suspension bridge he would be 
grateful for Professor Pugsley’s theory, especially after 


wearing the interpretation of it in the course of the - 


resentation of the paper, which added greatly to the 
value of the paper. He had read the paper carefully and 
iad tried to apply his mind to the method ; but Professor 
gsley had put it forward in a simple way which any 
dent could understand. He hoped that that simple 
proach might be published in the Institution’s 
oceedings. 

In considering Fig. 1 and Professor Pugsley’s linear 
proximation, and then hearing that it did not quite 
it the facts when applied to bridges which had been 
sompletely analysed by all the modern methods, he 
mdered whether there might be a second stage in that 
proximation, because the curve of cable stiffness 
tribution looked like a mixture of the first and third 
monics. 


r. E, MARKLAND (Associate-Member) said it seemed 
at the analogy of an elastic foundation was not exact. 
rofessor Pugsley had pointed out in the paper, an 
tic foundation is taken to behave as a series of 
ependent springs, so that a load on one of them did 
affect any other, whereas a load applied at one point 
cable not only depressed this point but raised other 
ts by amounts of the same order. It seemed that 
discrepancy to which Mr. Wex had referred was 
her more than could be accounted for by a slight 
stake in evaluating the average cable stiffness, and he 
d if this discrepancy might be due rather to the 
rent behaviour of the two systems. 
value of 4.76 per cent. of the cable dip had been 
oted as the mean deflection of a loaded point of the 
‘when a load of 0.1 wl was applied at the point, 
Mr. Markland had not been able to arrive at this 
e from Fig. 1. He asked, therefore, how Professor 
gsley had derived it. 


Mr. R. A. Dorton said Professor Meh siey had given a 
thod of analysis which had the advantage that it was 
sy to apply and illustrated clearly the relative contri- 

ns of the cable and the truss to the stiffness of a 
ension bridge. He hoped his comments would not 
onsidered too critical, in the light of the author’s 
hasis on the approximate nature of the theory and 
€ proposals that had been made for more suitable 
s of Rk. 


& 
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_ The author had compared his new method with a 
calculation by the flexibility coefficient method. The 
flexibility coefficient calculation for a concentrated 
load at the } point was made by considering only six 


suspension rods, and it was Mr. Dorton’s opinion that 
that under-estimated the true maximum moment by 
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FIG-4 BENOING MOMENT DIAGRAM. 


Dimensions Main Span = 1250 ft. 

Cable sag = 125 ft. 

Dead load per cable = 2500 Ib./ft. 

Live load per cable = 750 lb./ft. 

EI (per truss) = 52.7 X r1o* ton ft.?. 

Full lines—Timoshenko deflection theory. 

Broken lines—Pugsley elastic foundation 
theory. 
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about 25 per cent. A comparison with a calculation 
by Timoshenko’s deflection theory would give a more 
rigorous test of the accuracy of the elastic foundation 
analogy. 

In the course of tests on a model representing a typical 
medium. span highway suspension bridge he had carried 
out deflection theory calculations for the single span 
case for two different loadings, and had obtained close 
agreement between experimental and calculated values 
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of deflection and bending moment. 
he had also made an analysis by the elastic foundation 
method, using Professor Pugsley’s suggested value for 


w 


the modulus of k of 20 —. 
d 


Fig. 1 showed the deflected shape for a load covering 
the central portion of the span. ‘The deflections at the 
centre agreed, as would be expected from the chosen 
value of cable stiffness. The tact that there was no 
upward deflection in the elastic foundation method 
illustrated the essential difference between a suspension 
cable and an elastic foundation, as had been pounted 
out previously by Mr, Markland. 

In the corresponding bending moment diagram 
(Fig. 2) the maximum -+ve bending moment was about 
25 per cent. below the deflection theory value, and the 
maximum — ve bending moment was only about half 
the correct value. 

The other case considered was for a load covering a 
quarter of the span from the left tower, Figs. 3 and 4. 
It was for a load near the towers that the assumption 
of uniform cable stiffness was most likely to be in error, 
and in Fig. 3 the downward deflections did not agree 
as they did with central loading. There was an upwards 
deflection of 13 in. by the detlection theory, but negli- 
gible upwards deflection by the elastic foundation 
method. The maximum +ve moments again showed a 
difference of some 25 per cent. 

By means of a suitable choice of value for k, the 
method appeared to be attractive for calculating 
positive moments and deflections. However, the fact 
that there was an appreciable upwards movement of a 
cable remote from its loading point meant that negative 
moments and deflections calculated by the elastic 
foundation analogy would be unreliable. 

A knowledge of both maximum negative and positive 
moments was desirable for the correct proportioning 
of the chords in the truss, and the true deflected shape 
was needed to calculate the maximum grade change, 
which was a governing factor in the choice of a suitable 
stiffening truss. 


Mr. W. Mercuant (Associate-Member) said there 
were two problems, firstly that of selecting the average 
cable stiffness, and secondly of including for the effect 
that a load in one place caused deflections elsewhere in 
the cable. If the ordinary cable stiffness were used it 
corresponded to solving a structural problem only using 
the terms of the leading diagonal, a procedure which 
was a standard first approximation in the relaxation 
technique and gave good results only if the other 
influence coefficients were small. Even if the other 
influence coefficients were not small it should be possible 
to modify the cable stiffness to include for that effect 
and thus produce a theoretical justification for using a 
modified cable stiffness. 


Professor PuGsLEy, replying to the discussion, said 
he was very glad indeed that his paper had provoked 
such valuable contributions from others working in the 
field ; naturally, that was one of the things he had 
hoped for. 

Perhaps Mr. Ley was expecting him to run before he 
could walk. One realised, of course, that the ideal case 
of a simple cable with a girder underneath did not 
commonly arise in practice ; one must allow in practice 
for the side spans, live load, the extensibility of cables, 
and so on. But in trying to introduce a possible basis 


for a simpler method it was surely wise to start with the 


For comparison 


_ the reason why the required. foundation modulus was} 


etandeed Tiana rroBtaeh a then proceed to any, 
necessary elaborations of it. It might not,. indeed, S| 
worth while to extend the simple theory too m 
because what was wanted was an approximate and 
physically clear method ; if it were too elaborate i 

would defeat its purpose. So that whilst he had’ in 
mind ona future occasion trying to improve the method, 
one should not go too far for the sake of 7 
probable errors from, say, 10 per cent. to I or 2 per cent, 

He had not put forward his examples for any purpo ‘ 
other than to demonstrate procedure ; they were not 
intended to represent practical cases or to form a clos se 
check on accuracy, but rather to see that things wei 
in the right street and to demonstrate how relatively 
easy the method was to work if we could only finda 
satisfactory means, as had been discussed, of finding th 
value of the required foundation modulus &. ® 

Mr. Ley had also mentioned that uniform live td 
were somewhat academic. Although the theory 
provide a mechanism for dealing with concentrated 
loads, probably a better mechanism than some existing 
theories, he doubted whether concentrated load ae 
were of much general design significance. 

He was very much indebted to the speakers who hae 
done so much work to illustrate the accuracies 
inaccuracies of the method and to help towards arriving 
at a more suitable value for the foundation modulus, 
He agreed entirely with several speakers that, so far as 
negative bending moments and the upward deflections, 
were concerned, no elastic foundation theory could 
hope to be very accurate, because an inherent feature of 
elastic foundation theory was a neglect of interactions) 
between one part of the foundation eee and the 
other. ~ ‘= 

Several examples of extremely good agreement 
between the results of the theory and more accurate | 
results had been given by Mr. Wex, and Professor 
Pugsley said it was of course fortunate that they, ‘ieee 
worked out as they did. But he regarded some ©: 
these extremely close comparisons as lucky shots. We 
could not expect an accuracy of within 2 per cent. 
consistently ; his attitude at the present stage was that | 
he would be satisfied to be within 10 per cent., and he! 
would not mind much even if occasional errors of 
20 per cent. arose. 


That brought him to Mr. Wex’s suggested theory ior 


lower than he (Professor Pugsley) had expected ; why, 
in fact, the constant in equation (4) should be nearer 
Io or 12 than 20. At the time of writing the paper, he 
was interested mainly in getting (4) into the right tom 
It was early yet to produce a simple theory of the sor 
under discussion and expect numerical agreement 
straight away. If we were now able to do what Mr. Wex. 
wanted, we should be doing better than those who had 
been working for years on soil mechanics ; they ha 
not yet produced a sound theory with which to relate 
foundation modulus and real test results. 


With regard to Mr. Wex’s tentative suggestion co - 
cerning the use of an influence line to explain the low k 
value, Professor Pugsley said he had tried somethin 
like it, but he did not feel satisfied with the soundness 
of the explanation when he had attempted to write i 
down. Perhaps Mr. Wex felt rather uncertain, ‘oo 
the interaction matter which was Een mis 
in any simple foundation theory. 

An alternative approach had occurred to him, but 
had not dared to put it into the paper. He happen 
to be interested in the vibrations of suspension brid 
and had quoted some natural frequency results i in 


yr the natural frequency ’’’, in almost exact agree- 
gent with more accurate theory (equation (26)). This 
requency corresponded to a disturbance of the founda- 
jon of the small wave length. He had thought this 
esult not unreasonable, partly because the only com- 
yarative results he had quoted for bending moments 
jad been for a concentrated load which also gaye a 
‘hort disturbance. Design lengths of loading of the 
wrder of 0.3 or 0.4 of the span naturally gave rise to 
mger disturbances, and one might expect that a 
mstant which gave accurate frequencies for modes 
ith longer wave lengths might be more relevant. 


(20), such that (22) and (25) gave close results for »’ ’ ; 


at why the constant should vary between one spread 
of load and another ; but the evidence is not conclusive 
that this is the case. 
| Dr. Bateman had wondered whether, instead of 
taking a constant stiffness, we should take the first two 
terms of a heavier series to express the stiffness. No 
doubt one could do that, though the theory would be 
more troublesome ; but Professor Pugsley said he was 
not trying to invent a new theory for elastic foundations. 
Maybe we could go back to the American deflection 
method—the differential equation method—and find 
that, with the foundation approach, we had effectively 
solve@the equation by using a finite number of terms 
of particular form. Dr. Bateman’s suggestion might 
in effect lead to this in better form ; but by so doing we 
should probably have lost any physical notion of what 
we were doing. . 
It had been pointed out by Mr. Dorton that quite 
early the approximate method must get less accurate 
we approached the end of a bridge, where there arose 
the effects of the local end conditions. Provided we 
were discussing lengths of loading of 4 or 4 of the span, 
the effects were not likely to be great. 
_ He had already commented on the fundamental point 
taised by Mr. Merchant. A way of deciding upon k 
without complicating the method, by using the diagonal 
x of a flexibility table on the lines suggested by 
(ir. Merchant seemed feasible, and he thanked him for 
this line of thought. ; 
' Finally Professor Pugsley expressed his appreciation 
f the very interesting discussion of his paper ; he was 
very glad to find that so many workers in both the 


design and research fields, were devoting attention to» 


le subject. To twist Mr. Leys’ references to Uncle 
Remus, if the paper had started a hare, then the dis- 
cussion had gone a long way towards catching it. 


The PRESIDENT expressed gratitude to Professor 
Pugsley for having replied in so able and interesting a 
nanner to the many points raised in the discussion. 


e a written addition to his reply to the discussion, 
rofessor PuGSLEY said that his paper was prepared 
th the problems of modern long span suspension 


bridges in mind. As Mr. Kerensky had indicated, in 
most, circumstances suspension bridges only became 

onomical for spans of 1,000 feet and over. For the 
Bridges of a few hundred feet span discussed by Mr. Leys, 
no doubt the more general features of the long span 
problem applied, but quantitative relationships, such 
as the stiffness ratio R of the paper, were more variable 
1d he could not generalise on the accuracy of modern 
ethods of anlysis—‘‘exact’’ or approximate—in 
lation to the earlier short span suspension bridges. 
ee rae Ai : 


this required a value for k of 9.5. Perhaps by discussing - 
the spread of the disturbance we might be able to arrive © 


per. Equation (27) in the paper gave an expression N 


* 


thus we might be led to choose &, and therefore « in — 
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It was, of course, natural for many theories to be 
Testricted to some regime set by scale; even Newton’s 
Theory of Gravity needed modification on the astrono- 
mical scale ! 

Part of Mr. Leys’ contribution was devoted to com- 
ments on the application of elastic foundation theory 
to cases where’ the beam and foundations were not of 
infinite length. Perhaps Mr. Leys had not used current 
extensions of the theory to cases of finite length and had 
so failed to note that results (5), (6), (7) and. (8) were 
strictly accurate for such cases, Admittedly, these 
results involved Fourier series summations, but Professor 
Pugsley, with Mr. Kerensky and others who had used 
them, could assure Mr. Leys that these numerical 
summations were child’s play compared with the more 
accurate calculations that were now commonly under- 
taken for long span suspension bridges. Mr. Leys was 
naturally anxious to see bridge natural frequencies in 
flexure (in all modes) put up. Unfortunately, as 
formule (24) and (25) showed, the lower natural fre- 
quencies of a suspension, bridge were largely determined 
by the gravity constant g, and the dip d, of the bridge 
cable ; increase of girder stiffness did, of course, increase 
these frequencies, but at a slower rate than given by 
the usual square root rule. 

Professor Pugsley, when introducing the paper to the 
meeting, had_made it clear that he regarded the elastic 
foundation analogy as providing an approximate tool 
for use in initial design. In that the method depended 
upon a physical understanding of the behaviour of a 
suspension bridge, he hoped, with Mr. Kerensky (though 


_without perhaps calling for the complete dismissal of 


the time-honoured method of Rankine), that the analogy 
method would be of educational use. 


Professor Pugsley was very interested in some of the 
details of Mr. Wex’s results. 


ticular conditions at the end of the bridge span ; though 


not marked—amounting at the most to about 18 per 


cent. in the case ilustrated—he wondered whether it 
would not be worth pursuing the matter by replotting 
the curves with different girder end support conditions. 
He had not expected the deflection results shown by 
Mr. Wex ; it. was usually easier to devise approximate 
ways of estimating deflections than of estimating local 
bending moments, yet the foundation analogy method 
seemed to show a tendency to contrary properties. 

Mr. Wex had commented on the fact that equation (7) 
gave results in the form of differences between two large 
quantities and wondered if this did not mean that 


bending moments were more sensitive to the modulus k, 


than the author had supposed. 
Professor Pugsley would point out that this numerical 
difference was an inconvenience rather fundamental ; the 


physical fact noted in the paper that, for a concentrated. 
load, the bending moment was inversely proportional to — 


the 4th root of k, could be supplemented by studying 
equations (11) and (13) and the intervening theory. 
From this it was clear'that for a short uniform load—and 
Mr. Wex’s figures referred to this case—the bending 
moment must tend to vary inversely as the 2nd root 
of k, and this would approximately explain Mr. Wex’s 
results. 

In answer to Mr. Markland’s inquiring about the 
origin of the figure of 4.76 per cent. used for the first 
rough estimation of k, this was based, with the curves 
of Fig. 1, upon previously published experimental 
results. The theory of reference 8 gave comparable 
values. In both cases, only small deflections were 
envisaged. 


The curves of his first — 
diagram illustrated very nicely the effects of the par- — 
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Soil Mechanics in Relation to 
Structural Engineering” 


Written Discussion on Mr. P. L. Ganbers Paper 


From Mr. S. P. BANERJEE (Associate Member) : The 
writer appreciated the paper from the point of view 
that it summarised the factors which the Structural 
Engineers should keep in mind when dealing with 
problems on foundation design. On the question of 
choice of foundation, whether rigid or flexible, a design 
which keeps the balance of the elastic behaviours of the 
soil and the foundation structure, in keeping with the 
permissible relative settlements, would appear to be 
most satisfactory. 

The author’s reference to the “ Soil line’? method of 
design of Raft foundations was noted and the following 
remarks, which may be relevant to mention and prove 
useful to note, are added in this respect. 

The writer finds that the method of solution is based 
on an assumption that the moments along the length 
of a beam are proportional to the deflections (pp. 24 and 
87 of ref. 21). To obtain the maximum moment values, 
therefore, an attempt is made to find the maximum 
possible value of deflection “‘ Y,’’ even at the expense of 
involving a higher value of “ g.’’ This may be observed 
from eqn. (B) of p. 87 and Fig. 58 of the publication. 

It is simple to realise that a reduction in the sum of 
the moments M, + Mp» is possible due to the factor 
““q,’’ since the reducing moment M, is a function of q. 
The lesser the value of g, the lesser would be the conse- 


' *Read before the Institution of Structural Engineers at 11, Upper 
- Belgrave Street, London, S.W.1, on Thursday, February 26th, 1953, 
My. E. Granter, B.Sc: (Eng.), M.I.C.E., M.I.Struct. E. (Presi- 
dent), in the Chaiy. Published in THE STRUCTURAL ENGINEER, 
Vol. XXXI, No. 2, pp. 47-61 (Feb. 1953). See also Discussion 
published im THE STRUCTURAL ENGINEER, Vol. XXXI, No. 7, 
pp. 190-6 (July, 1953). 


Institution Notices 


LOYAL” ADDRESS 


This issue includes a reproduction of the Taeat 
Address of the Institution to Her Majesty, in connection 
with which the President has received the following 
communication from the Home Secretary :— 

Home Office, 
Whitehall. 
June 1ath, 1953. 
Se 

I have had the honour to lay before The Queen the 
Loyal and Dutiful Address of the Council of the Chartered 
Institution of Structural Engineers on the occasion of 
Her Majesty’s Coronation, and I have it in Command 


from The Queen to convey to you Her Majesty’s warm . 


thanks for the expressions of feyaty and devotion 
which it contains. 
_ Her Majesty was graciously peer: to remark on the 
beauty of the Address. 
IT am, 
Sir, 
Your obedient Servant, 
(signed) DAVID MAXWELL FYFE. 
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quent moments M, and the higher the final moments M. 
It is apparent, therefore, that the least possible value 
of g should be aimed at for the higher possible moments, 
in a beam and thus the factor Cmim in eqn. (B), p. 87, 
requires to be replaced by Cmax, which by solution gives) 
a lesser value of Y. The relationship of proportionality | y 
between M and Y does not therefore hold good, provi 
the main assumption to be incorrect. 

Consequently it is not difficult to prove that in E | 
very first example in the publication (p. 56), the value of 
maximum moment obtained by the method is out by 
40 per cent., erring on the wrong side. Also, without) 
having the ‘knowledge of the correct solution in all 
particular case, working between limits (pp. 23 and 28) 
may not cover the extreme cases. The writer is there-) 
fore doubtful about the reliability of the method the 
author suggested. 

There are several theories on the subject available in| 
our present-day knowledge and some of them are) 
included in the following references : 

(i) Beams on Elastic Foundation, by Hetenyi. 

(ii) Trans. A.S.C.E., Vol. 116, 1951, p. 1083. 

(1) Int. Assn. for Bridge & Struct. Eng., 4th Con 

gress, 1952, Prel. Publn., p. 371. ‘ 

(iv) THE STRUCTURAL ENGINEER, August, 1952, p. x6¢ 

All these theories make use, as is customary in theoreti- 
cal analysis, of the coefficient “‘ modulus of foundation) 
or subgrade reaction,’’ and it is not difficult to obtain) 
the reasonable values from the sites. References may | 
in this respect be made to the paper entitled “ Field 
Tests Determine Foundation Modulus for Bayou 
Bodcau Dam,”’ published in CIVIL ENGINEERING (U. S: A. )} 


July, E950) Pee 


and Proceedings 


FORTHCOMING MEETINGS 
The following meetings of the Institution will be held 
at 11, Upper Belgrave Street, London, S.W.1. | 


i 


Thursday, October ist, 1953 


‘ Presidential, Address, by Lt.-Col. R. F. Galbraith, 
MCI OR Ea Bsc: M.1.Struct.E., A.M.LC.E. 6 p.m. — 


Thursday, October 22nd, 1953 


Ordinary General Meeting, 5.55 p.m., followed all 
6 p.m. by a Joint Meeting with the British Iron and) 
Steel Research Association and the Engineers’ Group 
of the Iron and Steel Institute, when Mr. J. S. Terring- 
ton, B.Sc.(Eng.), A.M.I.C.E., and Dr. J. M. Hawkes, 
B. Sc., A.M.LC.E. (Associate-Members), will give a 
paper on “‘ Crane Gantry Girders for Steelworks,” 


Thursday, November Tai 1953 

Joint Meeting with the British Section of the Societe 
des Ingenieurs Civils de France, 6 p.m., when Monsieur 
L. P. Brice will give a paper on “ Different Types of 


if by an Ordinary Meeting, when Mr. H. C. Hus- 
B.Eng., M.L.C.E., M.I.Mech.E. 


a Soaking Pit Building.” 

Members wishing to bring guests to the Ordinary and 
int Meetings announced above are requested to apply 
the Secretary for tickets of admission. 


EXAMINATIONS— JANUARY, 1954 
” The Examinations of the Institution will next be held 


muary 5th and 6th (Graduateship), and January 7th 
d 8th, 1954 (Associate-Membership). 


REPRESENTATION 


ip The Council has made the following nominations of 
members to represent the Institution :— 

TY AND GUILDS oF LoNnDoNn. INSTITUTE—Insignia 
Award in Technology (Assessor) 

_ Mr. J. Singleton-Green (Honorary Librarian). 

VAL TECHNICAL COLLEGE, SALFORD—Building Ad- 
- visory Committee 

. Mr. W. Bates (Member)—re-appointment. 

AL TECHNICAL COLLEGE, SALFORD—Engineering 
EB iory Committee 

_ Mr. J. Kershaw, Jun. ate appointment. 


PROFESSIONAL CONDUCT 


A Member of the Institution while practising as a 
nsulting structural engineer has been reprimanded 
* the Council for. soliciting professional work and 
formed that continuance of such solicitation will be 
idered by the Council as a serious offence. 


FORMS OF CONTRACT 


The Institution’s.Form of Contract, Form “ A ”’—For 
Engagement by the Principal of the Services of a 
msulting Structural Engineer, is in the course of being 
ised and when such revision is completed, Form of 
ract, Form ‘‘B’—For the Engagement by the 
chitect of the Services of a Consulting Structural 
ineer, will be withdrawn. 

By order of the Council, 

Rick: MAITLAND, Secretary. 


- CONFERENCE ON WELDED STRUCTURES 
yr _ OUTLINE PROGRAMME 

Bianco in the August issue, a Conference will 
d in London on November 23rd- 27th, 1953, to 
eview present knowledge and outstanding problems in 
h design, fabrication and erection of welded steel 
ctures. 


_ The organisation of the Conelonce is being under- 
by a Joint Committee appointed by the Ministry 
rks, the Institution of Civil Engineers and the 
stitution of Structural Engineers with the support 
a the Admiralty, War Office, Ministry of Transport and 
ment of Scientific and Industrial Research. 
following bodies have agreed to be co- SODBROES & — 
oyds Register of Shipping. 
‘Royal Institute ot en Architects. 


t centres in the United Kingdom and overseas on’ 
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The Institution of Mechanical Engineers. 

The Institution of Engineers and Shipbuilders in 

_ Scotland. 

The Institution of Naval Architects. 

The Institution of Gas Engineers. 

The Iron and Steel Institute. 

The Institution of Electrical Engineers. 

The Institution of Municipal Engineers. 

The North-East Coast Institution of Engineers and 
Shipbuilders. . 

The Royal Incorporation of Architects in Scotland. 

The Institute of Welding. 

The British Welding Research Association. 

The British Constructional Steelwork Association. 

The British Iron and Steel Research Association. 


WORKING SESSIONS 


The working sessions of the Conference will be held 
at the Institution of Civil Engineers, Great George 
Street, London, S.W.t. 

Eleven topics have been chosen for discussion and the 
procedure at the Conference will be to give the Author 
of a paper a short time to introduce his paper, leaving 
the rest of the session free for general discussion. The 
Author will be allowed to reply briefly to the points 
raised at the end of the session. 

The following authors have been invited by the 
Organising Committee, and have kindly agreed to present 
papers on the subjects shown. No general invitations 
for the submission of papers is being made. 


PAPER 


No. r Mr. W. A. Mitchell, M.I.Struct.E. 
Design of multi-storey framed buildings. 
2.) Mrv Do. CeG. ‘Dixon; “BiAt 
Problems of fabrication and erection of multi- 
. storey framed buildings. 
an Mr Cy Gocksw BUA, 
General review of welding in ship-building. 
4 Mr. F. J. Walker, A.M.I.C.E., and Mr. F. W. 
Sully, M.I.C.E. 
Docks gates and caissons. 
5 Mr. M. Noone, M.I.Mech.E. 
Standing oil tanks and gas holders. 
6 Mr. W.S. Atkins, B.Sc., M.I.C.E. 
Design of single-storey framed buildings and 
portal frames. 
7 Mr. R. W. Schofield, M.I.Struct.E. 
Fabrication and erection of single-storey 
framed buildings and portal frames. 
8 Mr.S. M. Reisser, B.Sc., M.I.Struct.E., A.M.I.C.E. 
Design, fabrication and erection of braced roof 
structures. 
g Mr. G. Roberts, B.Sc., M.I.C.E., and 
Mr. O. A. Kerensky, B.Sc., M.I.C.E.,M.1.Struct.E. 
Design, fabrication and erection of plate — 
girder bridges. 
ro. Mr. E. M. Lewis, A.C.G.I. 
Design, fabrication and erection of trussed 
. girder bridges. 
tr Mr, T. Bedford, M-1:C.E., MI, Struct. Beg 
M.I.Mech.E. 
Tubular construction. 


Advance copies of each of the papers will be issued to 
all members before the Conference. 

After the Conference, the papers of the discussion 
will be published in book form as a permanent record 
of the proceedings. 
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MEMBERSHIP 
The Conference is open to all interested in the subject, 
who register as members. Applications for membership 
should be made on the requisite form, which may be 


obtained from the Secretary of the Institution of Struc- 
tural Engineers. 


LUNCH 

Buffet lunches, which will be served at the Institution 
of Civil Engineers, will permit members to meet and 
discuss problems informally. 


FEES 

A registration fee of £2 ros. will entitle members to 
receive full details of the Conference Programme ; to 
take part in all the activities of the Conference ; and to 
receive one copy of each paper and one copy of the 
Proceedings. The remittance must be sent with the 
application form to the Joint Honorary Secretaries 
before October Ist, 1953. 


PROVISIONAL TIME-TABLE 
MonpaAy, NOVEMBER 23RD 


IO a.m. The Secretariat Office will be *open to 
receive enquiries. 
2.30 p.m. Formal opening (by a Minister of the 


Crown). 
3 pm.-5 p.m. First Working Session—Multi-storey Build- 
ings. (Papers Nos. 1 and 2.) 


TUESDAY, NOVEMBER 24TH 


to a.m.- Second. Working Session—Shipbuilding. 
Zt, p.m, (Paper No. 3.) 
I p.m. Buffet Lunch. 


2.30 p.m.- Third Working Session—Dock gates and 
5.30 p.m. andcaissons. (Paper No. 4.) 
Standing oil tanks and gas-holders. (Paper 
No, 5.) 


WEDNESDAY, NOVEMBER 25TH 


io a.m.- Fourth Working Session—Single-storey 
De p.m buildings. (Papers Nos. 6 and 7.) 
I p.m. Buffet Lunch. 


2.30 p.m.- Fifth Working Session—Braced roof Bate 
5.30 p.m. tures. (Paper No. 8.) 


THURSDAY, NOVEMBER 26TH 


to am.- Sixth Working Session—Bridges. (Papers 
I p.m. Nos. g and 10.) 

I p.m. Buffet Lunch. 

2.30 p.m. Seventh Working Session—Tubular con- 


struction. (Paper No. 11.) 
Chairman’s closing remarks. 


INFORMATION 


The Joint Honorary Secretaries for the Conference 
are ‘— 
Mr. E. Graham Clark, Secretary of the Institution of 
Civil Engineers, and 
Major R. F. Maitland, Br ereny, of the Institution of 
Structural’ Engineers. 
Application forms may be obtained on request from 
the Secretary of the Institution of Structural Engineers. 
The completed application forms and all requests for 
information should be sent to :— . 
Joint Honorary Secretaries, 
Conference on Welded Structures, 
Institution of Civil Engineers 
Great George Street, 
London, S.W.1. 
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T he Structural Engine 


OF TIMBER ; a 


A Symposium | on Testing and Stress Gradinell 
Timber is to be held on September 22nd, 1953, at th 
Institution of Civil Engineers, Great George Stree! 
S.W.1, when the following four papers will be presented| 
Io a.m. “ Methods of Test of Small Clear Specimens, 

by F. H. Armstrong (Forest Prodam 

Research Laboratory). 


11.30 a.m.“ The Testing of Structural Components aa 
_ Structural Units,” by J. G. Sunbury (Fores 
Products Research Laboratory). . d 


2 p.m. ‘The Mechanical Testing of Sawed Timbel 
and Application of Data to Stress Grading, 
‘by W. J. Smith (Forest Products Taba 


tory, Canada). 


3.30 p.m. “ Strength Studies a Timber in the Devel 
ment of Structural Timber Grades ”’ (Fores 
Products Laboratory, U.S.A.). P| 


The symposium is being sponsored by the Incorporate. 
Association of Architects and Surveyors, 75, Eato 
Place, London, S.W.1. Advance copies of each of th 
four papers may be obtained from the Association 
price 1s. 6d. The Secretary of the Association would b 
grateful for an intimation from members who hope t 
attend. 


EXAMINATIONS 


PREPARATION FOR THE EXAMINATIONS OF THE INSTITU 
TION BY ATTENDANCE AT TECHNICAL COLLEGES 


A candidate for Graduateship or Associate-Membei 
ship may be able to attend a technical college ; thes 
notes are intended to guide him in choosing the mos 
suitable instruction. | 


PREPARATION FOR THE GRADUATESHIP EXAMINATIO) 


Technical Colleges offer : 


(a) Full-time courses for degrees of Higher Nationé) 
Diplomas in Building or Engineering. 


(b) Part-time day or evening courses for Highe 
National Certificates in Building or Engineering. 

If he obtains a Higher National Certificate or Diplom 
complying with Appendix II, Section V, of the Regulé 
tions Governing Admission to Membership, the candidat 
will be exempted from the Graduateship Examinatior 

Alternatively, he may study subjects selected from th 
available courses and sit the Graduateship Examination 
At technical colleges courses are usually available 1 
Building Science or Engineering Science, Strength ¢ 
Materials, Theory of Structures and Surveying, bu 
students are not normally allowed to select subjects fror 
National Diploma or Certificate courses unless they ca) 
show evidence of sound training in more elementar 
studies. The advice of the College Authorities shoul 
be followed. 


PREPARATION FOR THE ASSOCIATE- MEMBERSHIP 
EXAMINATION 


At some technical colleges there are part-time course 
in Structural Engineering which cover the syllabus of th: 
Associate-Membership Examination. At other college 
the candidate must rely on Higher National Certificat 
courses or on advanced courses in Building, Civil Er 
gineering or Municipal RE NSTNE these cover onl 


a 
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rt of the requirements for the Associate-Membership 
‘Xamination. 


‘Colleges in List “‘A’”’ provide at least two years of 
istruction in Theory of Structures and in Structural 
mgineering Design and Drawing up to Associate- 
lembership standard. They also give instruction in 
tructural Specifications, Quantities and Estimates. 


gr A” 

Belfast College of Technology. 

Birmingham College of Technology. 

Bolton Municipal Technical College. 

Bradford Technical College. 

Bridgend Technical College. 

Chesterfield College of Technology. 

Derby Technical College. 

Dudley and Staffordshire Technical College. 

Glasgow: Royal Technical College. 

City of Liverpool College of Building. 

L.C.C. Brixton School of Building, S.W.4. 

L.C.C. Hammersmith School of Building and Arts and 
raits., W.12: 

Manchester College of Technology. 

Middlesbrough, Constantine Technical College. 

Salford, Royal Technical College. 

South-West Essex Technical College, Walthamstow, 
e077. 

Stockport College for Further Education. 

Twickenham Technical College. 

Willesden Technical College, N.W.ro. 


Colleges in List ‘‘ B ”’ provide instruction in Theory of 

tructures from which the student may reach Associate- 
lembership standard, but instruction in Structural 
mMgineering Design and Drawing and in Structural 
pecifications, Quantities and Estimates is not usually 
9 complete. 


AST “e B ” 


Brighton Technical College. 
Cardiff Technical College. 
Edinburgh, Heriot-Watt College. 
Huddersfield Technical College. 
Leeds College of Technology. 
‘London, Battersea Polytechnic, S.W.11. 
‘London, Northampton Polytechnic, E.C.r. 
L.C.C. Westminster Technical College, S.W.r. 
Plymouth and Devonport Technical College. 
Preston, Herris Institute. 
Wigan Mining and Technical College. 
Woolwich Polytechnic, S.E.18. 
‘Students are advised to take the organised courses in 
tructural Engineering where these are available. 
} 
DRURY MEDAL AWARD 
ee fourth competition for the above award will take 


. 
y 


lace in 1953. The subject is the design of the structure 
f a new factory building. The material of construction 
;entirely at the choice of the competitor. The compe- 
ition has been designed to encourage ingenuity of 
tructural arrangement. Economy in the use of steel is 
n important feature of this year’s competition. 
Graduates and Students of the Institution who wish 
9 compete are invited to apply for full details to the 
secretary ; envelopes to be marked in the top left-hand 
er, “ Drury Medal Award.” 

he closing date for the competition is October rst, 
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The general conditions of the competition are as 
follows :— 

1. The competition shall be for Graduates and 
aes of the Institution of not more than 25 years 
of age. 

2. The subject of the competition shall be a design of 
a structural character, that is to say primarily structural 
design, not planning. 

3. The subject of design and conditions shall be 
prepared and issued biennially by a group of five mem- 
bers appointed by the Council. 

4. The Literature Committee shall appoint a Jury of 
not less than five to examine the works submitted and 
to interview candidates, if found necessary. 

5. In order to show that the work submitted is solely 
the work of the competitor, the documents submitted 
shall be countersigned by a corporate member of the 
Institution or, failing this, shall be accompanied by a 
declaration on a prescribed form signed by the candidate 
in the presence of a Justice of the Peace or a Commis- 
sioner for Oaths. 


RESEARCH AWARDS 


The Council has instituted a Research Prize Fund, 
from which awards may be made annually to the author 
or joint authors of papers describing original research 
which they have carried out. Research awards may be 
made for papers read at Headquarters or in the Branches 
and published in the Journal, or for papers published in 
the Journal only without being read at an open meeting. 

The assessment for such awards will be made annually, 
but awards will be made only to the contributors of such 
papers as reach a standard judged by the Literature 
Committee to be satisfactory. 

Work submitted under this scheme must be original 
and may include any of the following :— 

(a) investigations of an experimental or analytical 

character ; 

(b) studies of historical or statistical records ; 

(c) improvements in principles or methods of con- 
struction ; 

({d) research into methods of structural engineering 
and building, the nature and use of plant and the 
organisation of engineering work ; 

(e) any related or combined studies which are deemed 
by the Literature Committee to be of a research 
character. 

In cases where the research work described in the 
paper was not the work of one individual, the names of 
all the collaborators should be given in the paper. 

Awards may take any or all of the following forms :— 
A research medal ; a diploma ; a money prize. 

Application for consideration for a research award 
must be made to the Secretary of the Institution, and in 
preparing papers for reproduction in the Journal, 
authors must comply with the conditions laid down 
for all such contributions. Particulars of these con- 
ditions may be obtained from the Secretary. 

In judging research papers, the following factors will 
be considered :— ! 

(a) the nature of the subject and its conclusions ; 

(b) the value of the paper in advancing the science 

and art of structural engineering ; 

(c) the standard of preparation and orderly arrange- 
ment of the subject-matter. 

Research papers will also be eligible for adjudication 
for the Institution Medals if they comply with the 
Regulations governing those awards. , 

The closing date for the receipt of applications in 
respect of papers published in the Journal between 
October, 1952, and September, 1953, is October Ist, 1953. 
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LONDON GRADUATES’ AND STUDENTS’ SECTION 

A visit to a site to see a prestressed concrete building 
in the course of erection is being arranged in October and 
details will be announced in due course. 

A meeting of the Section will be held at 11, Upper 
Belgrave Street, London, S.W.1, on Tuesday, November 
roth, 1953, when Mr. J. F. S. Pryke will give a lecture 
on Underpinning. 

Hon. Secretary : J. F. S. Pryke, B.A.(Hons.), Bush- 
croft, Slipe Lane, Wormley, Herts. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


The following meetings will be held in October :— 


Wednesday, October 7th, 1953 


Joint Meeting with the Institute of Welding, Manches- 
ter and District Branch, 7.15 p.m. Mr. S. M. Reisser, 
B.Sc.(Eng.), M.I.Struct.E., A.M.IL.C.E., on “ Drawing 
Office Procedure for Welded Designs.” 


Thursday, October 29th, 1953 


At the University of Manchester, 6.30 p.m. Chair- 
man’s Address by Professor J. A. L. Matheson, M.B.E., 
M.Sc., Ph.D., M.I.C.E., M.I.Struct.E., followed by films 
entitled ‘‘ 750 Feet Television Mast at Sutton Coldfield,”’ 
and ‘“‘ Lali Bridge.’”’ The President and the Secretary 
of the Institution will attend the meeting. 

Joint Hon. Secretaries : A. S. Sinclair, A.M.1.Struct.E., 
17, The Circuit, Cheadle Hulme, Cheshire. 

M. D. Woods, A.M.I.Struct.E., 58, Spring Gardens, 
Salford. 


MIDLAND COUNTIES BRANCH 


The Annual Dinner of the Branch will be held at the 
Botanical Gardens, Birmingham, on Saturday, October 
roth, 1953. 

The opening meeting of the Session will be held on 
Friday, October 23rd, at the James Watt Memorial 
Institute, Birmingham, at 6 p.m., when the Chairman’s 
Address will be given by Mr. G. E. Marsden, M.I.Struct.E. 

The President and the Secretary of the Institution 
will be present on both occasions. 

Hon. Secretary : L. A. Firminger, A.M.I.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 


GRADUATES’ AND STUDENTS’ SECTION 


A meeting of the Section will be held on Friday, 
October 30th, at the Birmingham Civic Centre, at 
6.30 p.m., when a member of the staff of British Insu- 
lated Callenders’ Construction Company, Ltd., will give 
a paper on “ The Design and Erection of B. B.C. Tele- 
vision Masts.” 

Hon. Secretary : H. L. Bramwell, 139, Wood Lane, 
Handsworth Wood, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 


The opening meeting of the Session will be held at the 
Neville Hall, Newcastle, on Wednesday, October 7th, 
at 0.30 > pan.,° when Mr. *T.* Hi ’Bryée Sa LCE. 
M.1.Struct.E., will be installed as Chairman and will 
give his Address on the “ History of Reinforced Con- 
crete.’’ The President and the Secretary of the Institu- 
tion will attend the meeting. 

A meeting will be held on Tuesday, October 13th, at 
the Cleveland Scientific and Technical Institution, 
Middlesbrough, at 6.30 p.m., when Mr. Bryce will repeat 
his Address. 

Hon. Secretary: O. Lithgow, A.M.IStruct.E., 4, 
Stoneleigh Avenue, Acklam, Middlesbrough. 
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NORTHERN IRELAND BRANCH 


The opening meeting of the Session will be held at th 
College of Technology, Belfast, on Tuesday, October 6th 
at 6.45 p.m., when the Chairman’s Address will b 
given by Mr. J. C. Malcomson, B.Sc., M.I.Struct.E. 

Hon. Secretary: A. H. K. Roberts, B.A., B.A.T 
M.1.Struct.E., M.I.C.E.I., “‘ Barbizon,” 26, Dunlamber 
Park, Belfast. 

SCOTTISH BRANCH 


The opening meeting of the Session will be held o 
Monday, October 26th, when the Chairman’s Addres 
will be given by Mr. R. H. Sharpe, M.I.Struct.E. Th 
President and the Secretary of the Institution wi 
attend the meeting. 

Hon. Secretary : G. Drysdale, A.M.I.Struct.E., 37 
Union Street, Motherwell, Lanarkshire. 


SOUTH-WESTERN COUNTIES BRANCH 


The opening meeting of the Session will be held 4 
Plymouth, Saturday, November 7th, and will be at 
tended by the President and the Secretary of th 
Institution. | 

Joint Hon. Secretaries : E. W. Howells, M.I.Struct.E 
10-12, Market Street, Torquay. | 

C. J. Woodrow, 23, Torland Road, Hartley, Plymoutl 


WESTERN COUNTIES BRANCH 


The opening meeting of the Session will be held ¢ 
Bristol on Friday, October 2nd, and will be attended b 
the President and the Secretary of the Institution. 

Hon. Secretary: E. Hughes, A.M.1.Struct.E., 2 
Southdown Road, Westbury-on-Trym, Bristol, 9. 


WALES AND MONMOUTHSHIRE BRANCH 


The opening meeting of the Session will be held at tl 
South Wales Institute of Engineers, Cardiff, on Wedne 
day, October 28th, when Dr. A. A. Fordham 
M.1.Struct.E., A.M.I.C.E., will give the Chairmar 
Address: ‘‘ Research Work in Soil Mechanics” at tI 
University College of Swansea. The President al 
the Secretary of the Institution will attend the meetin 

The Address will be repeated at Swansea on Wedne 
day, November 4th, and at Colwyn Bay on sal 
November 7th. 

Hon, .Secretary > Goo Rs Brueton} AMLCH 
A.M.I.Struct.E., 86, The Exchange, Mount Stua 
Square, Cardiff. | 


YORKSHIRE BRANCH 


The opening meeting of the Session will be held at i 
Great Northern Hotel, Leeds, on Wednesday, Octo 
14th, at 6.30 p.m., when the Chairman’s Address will | 
given by Mr. John Dossor, M.I.C.E., M.1.StructJ 
A.M.I.Mech.E. The President and the Secretary 
the Institution will attend the meeting. 

Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, T 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A. E. Tait, B.Sc., A.M.LC.. 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. Du 
week-days Mr. Tait can be contacted in the C 
Engineer’s Department, Town Hall, Johannesbu 
’Phone : 34-1111. Ext. 257. . 

Natal Section, Hon. Secretary: E. G. Benne 
A.M.1.Struct.E., c/o Reinforcing Steel Co., Ltd., P’ 
Box 49, Merebank, Durban. 

Cape Section, Hon. Secretary : R. Stubbs, M.1.Struct 
P.O. Box 1692, Cape Town. 


Institution: wel- 
mes as its President for 
le Session 1953-54 a 
ondon Scot, Lt.-Colonel 
. F. Galbraith, M.C., 


c.(Eng.), A.M.LC.E., 
ho takes office on Octo- 
or Ist. 


‘Robert Forbes Galbraith 
as born in London and 
as educated at St. Dun- 
an’s College, Catford,and 
ie London County Coun- 
1 School of Building, 
rixton. His career was 
terrupted almost at its 
ymmencement by the out- 
reak of war, and in 1915, 
: the age of 18, he joined 
ie Inns of Court Regi- 
ent. He served with 
istinction in the Regi- 
ent and in the Machine 
un Corps until 1919, and 
as awarded the Military 
ross. 
On demobilisation he 
ecame an external stu- 
ent of London University 
nd took the degree of 
\.Sc.(Engineering). In 
923 he became Director 
nd Engineer to Messrs. 
albraith Brothers, Ltd., 
ad was responsible for 
ie erection of numerous 
uildings in London and 
lsewhere, including Wim- 
ledon Town Hall, the Geological Museum, South 
(ensington, Gerrard Telephone Exchange and Palmerston 
louse, Bishopsgate. 
Twenty years after his return to civil life, his career 
fas again interrupted by a world war, and early in 1940 
€ joined the Corps of Royal Engineers, in which he 
ved until 1945, first in a Construction Company and 
hen on the Staff. He was demobilised in 1945 with the 
ank of Lieutenant-Colonel. 
In 1950, Colonel Galbraith commenced private 
Tactice as a Consulting Engineer, and has specialised 
building structures, including the six-storey Plashet 
ty Secondary School for Girls at East Ham. 
is a member of the Association of Consulting 
neers and an Associate-Member of the Institution 
vil Engineers. 
lonel Galbraith’s connection with the Institution 
tructural Engineers began in 1915. when he was 
ected a Student of the then Concrete Institute. He 
me an Associate-Member in 1920 and a full Member 
Tnstitution of Structural Engineers in 1929, and 
925 he has taken an active part in the work of 
lentific Committees. 
1929, he was Vice-Chairman of the Sectional 
ttee on Brickwork and Masonry, and served also 
he Sectional Committee on Concrete; his member- 
of the Science Committee continued until 1939. In 
he was Chairman of the Committee on Welded 


Lt.-Col. R. F. Galbraith, M.C., B.Sc.(Eng.), 
M.1.Struct.E., A.M.I.C.E. 
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Me The President, 1953-1954 


Structures, the findings of 
which were published in 
1934 in the Institution’s 
Report on the Treatment 
of Welded Structures by 
the Metallic Arc Process. 
Colonel Galbraith was 
elected to the Council in 
1934 and served until 1937. 
During that period he also 
took part in the work of 
the Building Legislation 
Committee and the Sub- 
Committees on Steelwork 
Connections, Bearing Pres- 
sures and Soil Pressures. 
He again became a 
Member of the Council in 
‘1947 and was elected a 
Vice-President in 1949. 
Since then, he has served 
on the Finance and 
General Purposes (as 
Chairman in 1952-53), the 
Bye-Laws Committee, and 
Membership Committee. 
Colonel Galbraith has 
represented the Institution 
on the Architects’ Registra- 
tion Council of the United 
Kingdom, the London 
County Council District 
Surveyors Examination 
Board, the Tribunal of 
Appeal in connection with 
the London Building Acts 
(Amendment) Act,1939,and 
other official committees, 
During his forty years’ association with the Institution 
Colonel Galbraith has given unsparingly of his time and 
energy to further the aims and objects. for which the 
Institution was founded. The Institution of Structural 
Engineers has itself been in existence for less than 
half-a-century and during that time has achieved an 
eminent position among chartered bodies. It has been 
a period when tremendous advances have been made in 
the development of the science of structural engineering 
and it is mainly through the untiring efforts of members 
who, like the President for the coming Session, have 
given so much time in serving upon its scientific com- 
mittees, that such remarkable progress has been made 
in such a short time. : 
Colonel Galbraith is well-known to London members 
and he will undoubtedly make a host of new friends 
throughout the country during his term of office. Those 
who meet him for the first time will appreciate to the 
full his kindly personality, and the value of his opinion 
upon professional matters, based as they are upon 
experience gained both in the civilian and military 
fields, in which spheres the human relationship counts 
for so much. a t 
Members in all classes of the Institution will look 
forward to a year of further progress under his Presidency 
and those who are responsible for conducting the work 
of the Institution will welcome the opportunity of 
serving under him, . 
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Crane Gantry Girders for Steelworks* - 


By J. S. Terrington, B.Sc.(Eng.), A.M.LG.E., A.M.I.Struct.E., AGGA,. and 
J.M. Hawkes, B.Sc., Ph.D., A.M.LC.E., A.M.1 Struct E. + 


Notation 
A = cross-sectional area. 
b = width of flange plate. 
b, = width of “ outstand.”’ 
a = unsupported depth of web. 

‘dr = depth of rail. 
ad, s== overall depth. of section, 

d, = depth back to back of angles. 

Has | bee yettective, depth: 

D = flexural rigidity of a plate. 

E = modulus of elasticity of steel in tension. 

fo, = M!aximum allowable compressive fibre stress 

in bending. 

fos = permissible maximum fibre stress to avoid 

wrinkling of an unstiffened edge between 
stiffeners. 

fv3 = permissible maximum fibre stress to avoid 

angular distortion of the compression flange 
between stiffeners. 

fer = critical maximum compressive stress in web. 
7 = efficiency of section against lateral buckling. 
He = modulus factor in compression. 

Ns = modulus factor in shear. 
I; = moment of inertia of stiffener: about the 
centre of the web. 

“Ixx = moment of inertia of section about axis X—X. 
Iyy = moment of inertia of section about axis Y—Y. 
K, = bending stress factor as: B.S.449, 10948, 

clause 19c. 
kxx = radius of gyration about axis X — X. 
kyy = radius of gyration about axis Y — Y. 
IB = span of girder. 
M = _ bending moment. 
g = stiffener factor. 
u =F sPossomertatios 
g = percentage coefficient for end fixity. 
s = stiffener spacing. 
St = shape factor. 
o = direct stress in web. 
by = flange thickness. 
bo = web thickness, 
7 = shear stress in web. 
ter =  Cfitical shear stress in web. - 
WE = total equivalent uniformly distributed load. 
w = weight of girder per unit length, ° 
Z = modulus of section. 


Note : The notation generally follows BS.560 > 1934, 
including the use of & for the radius of gyration. The 
current editions of B.S.449 and B.S. Code of Practice 113 
(1948) have however used 7+ instead of k. 


Summary 
Crane gantry girders are particularly important in steel- 
works because production relies on the electric overhead 


*Paper to be read before a Joint Meeting of the Institution of 
Styuctural Engineers, the British Ivon and Steel Research Associa- 
tion and the Engineers’ Group of the Ivon and Steel Institute at 
11, Upper Belgrave Street, London, S.W.1, on Thursday, October 
22nd, 1953, at 6 p.m. 

This Paper is prepared from Papers PE/E/44/52 and PE/E/45/52 
of the Civil Engineering Committee of the Plant Engineering 
Division of the British Iron and Steel Research Association. Mr, 
Terrington is Head of the Civil Engineering Section of the Associa- 
tion and Dy. Hawkes is a Senior lecturer at the Royal Military 
College of Science, and formerly on the staff of B.I.S.R.A. 


travelling cranes, and’ experience shows: that there| 
scope for improvement in’ the girder design. — 
endeavour has accordingly been made in this paper 
show how improved design and resulting economy ¢ 
be achieved by closer adherence to fundamental theg 
and to the best practice. 

A single web type plate girder is shown: to be pref 
able to other types and a formule: for a girder of le: 
weight is given. For the flanges, a new developme 
of the strain energy equation is put forward in graphi 
form for use in practice and it is shown that for { 
stockier sections, the maximum permissible stress ¢ 
be used over a greater range of slenderness ratios, a 
for the more slender sections over'a more restrici 
range, than is suggested by B.S.449. By means 
further development, a graph is produced which enab; 
given sections to be examined for permissible stress a) 
other graphs which enable suitable sections to be selec) 
directly. The best web thickness is attained when 4 
web panel reaches the yield point at the same time 
it commences to buckle ; and formule are given for 1 
various conditions which occur along the girder, nam| 
pure shear, pure bending and combined bending 4) 
shear ; local concentration of stress is also taken ij) 
account, It is shown that the optimum web thickn 
differs from the value given in existing specificatio 
These formule are also adapted to give the necessi 
stiffener spacing and a special method has been devis 
to enable the equations to be quickly applied. Stiffen 
must be sufficiently strong to prevent nodal lines fr 
forming across them and this is defined by an equat 
which indicates that stiffeners in many existing gir 
are heavier than necessary. Details for end connectit 
to permit rotation of the bearings and resistance 
lateral and longitudinal loading and temperati 
variations are discussed. Camber, it is considered, 
beneficial but may give rise to high fabrication cos} 
The actual loading exerted by the cranes, is shown) 
be a complex problem which depends on the relat 
masses of the lifted loads, the cranes and the girder ¢ 
needs further consideration, but values which, fr 
experience, are considered suitable, are given. » 

To sum up, the study presented in this paper, emp) 
sises the best criteria for- design and from this 
consideration of basic design theory, it is shown ft) 
fundamental design can be adhered to more closely w 
resulting economy particularly in the larger euders : 


Introduction 

_ Melting Shops are some of the most important bia 
ings in steelworks and are also one of the heaviest for 
of single storeyed steel-framed buildings. After exe 
ining these and making recommendations for inipag 
design('), it was considered that parts of the struct) 
should be considered in more detail. Of these, 
crane gantry girders are probably most closely rela 
to production, since the electric overhead travell 
cranes are in use throughout the day and night, é 
invariably every day of the week, so it is important 7 
they should remain in alignment and withstand 
constant dynamic loading to which they are subject 
Experience has shown that they are not free fi 
defects, which - require continual maintenance, and t 


‘ 
Fe 7“ 


scope for improvement in design. Following 
7 of details of design in the light of present-day 
ations, recent research work and modern experience, 
aper, which has been prepared from two papers(?) & 
ublished by The British Iron and Steel Research 
ociation (B.I.S.R.A.), makes recommendations, where 
sible, for the best design criteria for crane gantry 
jers, particulary the heavy types required in steel- 
s. A considerable amount of factual information 
isting girders in addition to longer discussions on 
various issues, are given in the B.I.S.R.A. papers to 
ich readers are referred. 


Type and Weight of Girder 


pans of crane gantry girders in melting shops range 
om about 25 ft. to about 120 ft., and existing types 
clude lattice girders and plate girders with both one 
ad two webs. 

‘Objections to lattice girders include the large secondary 
Tesses developed at the intersections of the various 
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nbers ; the difficulty of providing a suitable section 
sist the local bending stresses induced by the wheel 
ds in the top chord ; and the tendency of the, wheel 
d to shear the rail through the top plate of the girder. 
Ibjections to plate girders with two webs are the 
dency of the wheel loads to shear through the top 
te of the girder ; the inaccessibility of the girder for 
intenance inside the webs ; and the impossibility 
enewing the rivets when they become loose. In 
ler to reduce weight, consideration might be given to 
flened suspended girders. Over long spans, however, 
rs such as these would scarcely be rigid enough, 
icularly in a lateral direction in which they have to 
onsiderable surge forces from the cranes. 
th the improved methods of fabrication including 
g, plate girders having single webs, are considered 
he most satisfactory and economical. 
mmendations by various authorities (*)(*) (*)(*) for 
depth range from about 1/14 to 1/8 of the span ; the 
of girders examined varied from 1/19.33 to 
3, the majority being between 1/12 and 1/8. The 
m depth depends on many factors, including 
and type of loading, the available headroom, 
of fabrication, differential deflection between 
n opposite sides of the building, shop equipment 
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and transport limitations. These factors can be allowed 
for when the depth for a girder of least-weight is known 
and this is given by the following equation :— 


Drchies: 21698 36 ar Eins: 
where D = “‘least-weight’’ depth of girder in 
inches. 
We = total equivalent uniformly distributed 
load in tons. 
LT += span in feet. 
Values of the depth D have been calculated from this 
equation for various values of the equivalent uniformly 


- distributed load (E.U.D.L.) and are shown plotted 


against the span in Fig. 1. 

As the full loading conditions of the existing girders 
examined are not known, it is not practicable to show 
how their depths compare with the value given by the 
above equations. 

N.B. The equivalent uniformly distributed load 
includes the deadweights of the girder. 


*Some authorities prefer this factor to have the value of 3.0 
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Flanges 
INTRODUCTION . 

The flanges have to carry their own direct stresses in 
tension and compression and, in addition, they have to 
stiffen the web against lateral buckling. The tension 
flanges do not present any difficulty but the compression 
flanges have a tendency to buckle under load. This is 


* dependent on the intensity of stress to which they are 


subjected and to the slenderness of their cross-section in 
relation to their unsupported length. For any given 
girder section, therefore,.the object is to use as high a 
stress as possible but sufficiently low to avoid actual 
collapse due to buckling, whilst allowing a suitable 
factor of safety. 


GENERAL PRINCIPLES 

Principal considerations in the design of compression 
flanges are :— 

(i) They should not be too wide because the bending 
stress is not constant(®) but diminishes towards the edges 
as shown in Fig. 2. Material at the edges of a very 
thin wide flange only therefore carries a small bending 
stress. If the design assumes a constant stress distri- 
bution (shown by the dotted line), the actual maximum 
stress will be much in excess of the design stress, and in 
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addition, material at the outer edges is not being used 
economically. 

(ii) They must not be too thin in relation to their 
width, otherwise the flanges themselves will buckle. 
To avoid buckling, it is generally accepted (*) (#°) (12) (24) 


ACTUAL STRESS 
DISTRIBUTION 


Sie RAGE_STRESS 


— 
— 
= Ss 


Fig. 2.—Stress Distribution across flange 


that the projection of the plate beyond the point at 
which the flange is secured, should not be excessive. 
The extent to which the flange may project is dealt with 
in subsequent sections. 

(iii) They must not be too narrow otherwise there will 
be éxcessive lateral deflection due to lack of lateral 
rigidity. A lower limit recommended for use in practice 
is 1/30 X span and the corresponding calculated value 
has been evaluated as 1/40 x span(1). 

The ultimate selection of a section is inevitably a 
compromise between these two opposing tendencies. 


PERMISSIBLE MAXIMUM FIBRE COMPRESSIVE STRESS 

There are three ways in which a flange may fail, giving 
rise to the following considerations :— 

(i) The elastic stability of the girder as a whole, which 
comprises the torsional resistance of the section together 
with the resistance of the flanges to lateral bending. 

(ii) The stability of the flange to avoid wrinkling of an 
unstiffened edge between stiffeners. 

(ui) The stability of the compression flange as a whole, 
to avoid angular distortion of the compression flange 
between stiffeners. 

Considering these effects separately :— 

(i) THE ELAsTiIc STABILITY OF THE GIRDER AS A WHOLE 

The section may deflect and distort completely, as in 
Fig. 3 and analysis(%), (16) shows that the permissible stress 
fy, under these conditions, is expressed by :— 


Tw ng dy, We 
i =(—-. — . =) EwG 
‘ ¢ I xx ay a 


eo ee 


Fig. 3--ELASTIC DEFLECTION 


Fig. 3 


In this equation, the portion in the first bracket 
expresses the torsional resistance of the girder as a 
whole and the portion in the second bracket expresses 
the increase in the allowable stress due to warping of 


‘the section during iadk: wea the resistance 


the flanges in lateral bending. 

Now equation (5) has already been made use of in , 
simplified semi-empirical equation given in Clause 1¢ 
B.S.449, 1948, but a new development of this ba; 
equation (5) has been put forward (3) by one of t 
authors, which permits closer adherence to theory, wi 


advantages in some instances. 


It will be appreciat 


that comparison is made with B.S.449 because B.S.4) 
is the latest and best regulation hitherto available. | 

Firstfregard ng B.S.449, 1948, Clause 19c(*), (°), it will 
seen that the equation given there employs only t 
portion in the first bracket thus :— 


fy=— oe List oh 9 Gay) a ee tee 
4 Ixx.L a 
Ryy where E = 13,400 | 
= 1,000 Poissons ratio. we Vn Og 
we, d, A 
ae = 4.65 
hxx®  Ryy 
a = 4.9 
kyy 
Ryy | 
== 000 5 FC ea ae) 2 a 
i where  Fxx | 
— = 5.0 > 3.0. 
Ryy 
& KG —— Te a I. 50n 


K, is an allowance for the stockier 


sections. 


or heavier bea 


The alternative suggested equation(*) makes use of t 
complete basic equation (5) thus :— 


m=. 


me a 


m2 ie Loy ay 
4. | 
ERS VE is 
4VI0- es ee 
yy? (Fixx? +Ryy 3) 
where Fy = —————__ 
A2 
Ryy 
ie es 
Ree > 
Poisson’s ratio , 
“hb = 0.3 
Geng OA: 
I Ap 
Te —--— 
4n? (Ixx_ + Tyy) 
Note : Where the section is asymmetrical and t. 


distance from the outer fibre of the compression flan, 
to the centre of area is O.X. of the depth of the sagt: 


O.X 


then multiply fr, by — 
0.5 


i 


Somparison of equations (7) and (8) shows that the 
lue of K, in the B.S.449 equation (7) has an analogous 
tue in the newly developed equation (8) and is :— 

Oe “ " I 
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in Clause tgc, B.S.449, 1948, are shown as horizontal 
lines for the various values of 8 from 3.0 to 5.0, It 
will be seen that, whereas the B.S.499 equation suggests 


a nae : ilar 
(Ky, = : iene Oa that K, varies only with (8), K, actually varies 
me, 2 5,000. 4+/10 : Rey 
| ay Ae See ay 5 d, \? } 1 
a —.: I+— rn‘ F, with the values. of and the values of ; 
Md Fy Ryy 2 L F, Ree 
y |. WHERE c: = S(WHICH IS GREATER OR LESS THAN {O), MULTIPLY 
kyy THE READINGS ON THIS GRAPH BY & 
2, K, = FACTOR IN EQUATION FOR fp, lo 
3. fp, «= = 1000 x kw x k, 
; k 
; AO) 4. B = i 
- 3. ———— = LIMITING VALUES OF K, FOR STRESS NOT TO 
4 EXCEED 9:5 TONS PER SQ. IN. 
45 = VALUES OF K, SPECIFIED IN: CLAUSE 19¢ ii. saeres 
Fi We) THIS GRAPH IS 
i aay CONSTRUCTED FOR 
P ~~ 
Ve Zs 
2 Be 
ay: = 
oF “ 
= 3 
1 eit 
i? = 
i. ov) 
4 £ 
ue 8 
ie 
| E 
a Vv. 
= 4 
ti oa 
. ue 
: : 
i a! 
s 


This expression for K, is shown in graph form in 


dy dy 
. 4, for values of — from 8 to 20, where — = 10 
. L ‘ Ryy 
average value for B.S. beams) for ranges of 
y: ‘Rexx . ; F 1 
—— from 3.0 to 5.0 and for ranges of — from 
Wes @ 


go: | The corresponding values of K, as specified 


’ iL 
Fig. 4.—Quantity K, compared with — 


dy 

The diagonal lines in the graph (Fig. 4) show the 
limiting values of K, corresponding to a maximum 
normal fibre stress of 9,5 tons per square inch, which. 
is the maximum stress permitted in plate girders by 
B.S.449. Suitable adjustment of these lines can be 
made for high tensile steels and steels having guaranteed 
yield stresses other than that of mild steel as specified 


1 
Depending on the value of — between 
P, 


in B.S.449. 
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these diagonal and horizontal lines, the value of K,, and 


hence the maximum permissible fibre stress, can be 
increased:in excess of the value permitted by B:S.449. 
For example, the possible increase, depending on the 


ae i 
values of — and 
F, Ryy 


, can range up to go per cent., 


= 5.0 and up to 13 per cent. approx. where 


The increased permissible stress in the 


Ryy 


stockier sections is illustrated in Fig. 5. 


STOCKIER SECTION 


As 
Fo 


MAXIMUM FIBRE STRESS — TONS PER SQ. INCH 


SLENDER SECTION 


PERMISSIBLE 


— — — FUNDAMENTAL EQUATION | 
——- 8.5. 449 EQUATION 


O° 
80 100 120 140 (60 180 200 


kyy 


Fig. 5.—Comparative effect of fundamental and B.S. 
449 equations on sections of differing robustness 


To use Fig. 4 for any given example, calculate the 


d 1 
value of = 
yy 


8 (say) then :— 


the true value of K, = (value from graph in Fig. 4) x ——— 


PERMISSIBLE FLANGE FIBRE STRESS fp, (Fig. 6) 


Fig. 6 has been prepared to enable the actual per- 
missible flange fibre stress fy, to be read off the graph for 
given values of L/kyy and K,. The value of K, may 


=0-66 K=1:25 


either be it Salag ceauea He: B. S.449 or the t tie valu 
of K, as previously ascertained from Nee 4 coe ‘ 
rected for d,/kyy as nee aye 


(ii) STABILITY OF THE COMPRESSION FLANGE | 
BETWEEN STIFFENERS — 


Where a flange is unstiffened at the edges, it tae t 
prevented from wrinkling between the web stiffeners, b 
limiting the permissible stress in relation to the ul 
supported flange projection as in Fig. 7 below. 


20 


»~ 


24 
+ € 
cS 
| 
'6 gf 
7 oi 
“nu ow 
o oo! 
=o | 

U 
16 o e 
z rd ws 
3 
+ | 
Sa a | 
= | 
< al 
212 ~ te 
a oR ou | 
“ee n nn YY)! 
if g2 2 
Zio 3 3 i 
2 LIMIT 95 TONS ae | 
35 PER SQ IN 
5 ' a 
= 2-0 
x 8 9 ' i 
< 1-8 ae 
= ina ‘| 
w i] ft 
3 1S #A3C) 
Gos 141375 9.34] 
= a 1:25 px=44 
ww Ty hls ps4 
1O pad 
4 


Oo 2 40 60 80 100 120 KO 160 180 200 220 240 
wes 
Ly. 


Fig. 6.—Permissible maximum fibre stress 1),— 
elastic stability of the complete girder 


Fig. 7, FLANGE STIFFNESS 
Analysis has shown (1) this to be :-— 


1.238 nek by 
fo, = rapa ae 


For reference, values of fv, are plotted in Fig. 8. | 
Corresponding approximate formule with the simila 


object of avoiding local flange buckling are :— 


i b 1 
not less than | Edge Condition 


Regulation 
B.S. 449: 1948 16t, Unstiffened. 
* 20t, Stiffened — 
American Association of Iron 6 in. - 170900 
and Steel Engineers Specifi- 
cation for Electric Overhead 
Travelling Cranes. 
T = plate thickness in inches. ! 
fc = maximum (actual) compression stress in Ib. pe 


sq. in. 


BILITY OF THE COMPRESSION FLANGE TO 
ANGULAR DISTORTION BETWEEN STIFFENERS 
compression flange under stress may distort 
thically with the compressed portion of the web 
gle to their normal position, as in Fig. 9. 


r+6.28 . 104 . BS.) CS 


¥. 28°C 
1.6B?+ B (104C4— 1.008) + _ 
| . 19.75V 
- : 
pete 2.51" 6 rnc") | etek St aee Se emnetO) 
no 


For reference, values of jvg are plotted in Fig. ro. 


v4 | 3a ™~ Yin i ; 
‘On the principle that the component units must be at 
ast as strong as, and in practice stronger than, the 


Ways be greater than fp, For a complete assessment 
the permissible stress, equations (8), (9) and (10) 
st therefore be used simultaneously. 


PPLICATION TO DESIGN: ° s 

To make use of the foregoing theory the various stages 
ould be :— Bas 

(t) The span is usually given or determined. 

,) The depth for least-weight is calculated as 
cribed on page 269. — Paes 

(3) The required section modulus is calculated from 
€ loading, using a maximum fibre stress of 9.5 tons 


4) From this point three courses can be taken :— 
Method 1. Select a section with the required modulus 
_ section and from equation (8) already described, 
culate the permissible stress in bending. Alter- 
tively, use the graphs in Figs. 4 and 6. ' If the section 
not satisfactory, select other sections in turn until one 
found to be suitable. WD Seep lie. 

Method 11. Without actually calculating the per- 
sible stress, have some method of testing whether 
section selected will withstand the maximum 


been made possible by means of the‘graph in Fig. 11. 
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Method 111. Without actually calculating the per- 
missible stress, have some method of selecting the section- 
directly with the knowledge that it will withstand the 
maximum. compressive stress. A suggestion for this is 
illustrated in Fig. 12. 

In all cases the section selected must be checked by 
equations (9) and (10) to ensure that local buckling 
will not occur. 
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Fig. 8. Permissible maximum fibre stress 'b, to avoid 
wrinkling of an unstiffened edge between stiffeners 


Turning to the three methods :— 

Method 1. The use of the new equation (8) or Figs. 4 
and 6 will be sufficiently clear without further elabora- 
tion. 

Method 11. From equation (8), it is seen that the 
permissible stress depends not only on the properties 
of the cross-section but also the ratio of the depth-to- 
length between effective lateral restraints, and that it is 
made more complex by the last portion, 


5 eS | , 
VA jet nxt | FF ( : ) namely, the increase in 
is 


: 2 
permissible stress due to the lateral resistance of the. 
flanges in bending. However, it has been shown in 
Fig. 11 that the efficiency », or the “ shape factor” per 
unit depth where, 7 = — = 


ae 
DP 1/ = of any 
dy 2/10 F, 


section may still be used as a basis of comparing sections’ 
and testing whether they can withstand the permissible 
stress of 9.5 tons per sq. in. The method of constructing 
the graph is shown in the figure, namely by choosing valueg 


St z I 


274 


d 
of fo; = 9.5 tons per sq. in., and tie and then plotting the 
L 


St 
value which the “‘shape factor” per unit depth — should 


ines 3 
ey 
\ *, 


/ 


Q& 


Fig. 9 


1 
have for these given values of fp, and —. Hence for any 
L 


St 
section, knowing the values of its — and F, if these are 
dy 
plotted on Fig. 11, they should occur on the known 
dy 
— curve if they are to withstand 9.5 tons persq.in. To 
Ne 
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Fig. 10.—Permissible maximum fibre stress fb, to avoid angular distortion of the compression flange 
between stiffeners 


facilitate this, it is suggested that in future all steel 
I 


handbooks should have the values of F,, F, and 
2+*/10 


iat ‘ 

Ps ; a listed against each section. re 
F, ; 

Method 111. As one point on the graph in Fig. 11 will 

represent any number of sections, it is possible to give 
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NOTE: SEE TABLE I FOR VALUES OF 
z, FOR EXISTING GIRDERS 
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re Rie Yi alk nee A 
he Sivuctural Eng 
particular solutions if the number of variables is limite 
As an example, sections of one type and one depth a 
given in Fig. 12, in which a whole range of sections h 
been plotted, showing contour lines indicating :— 

(a) flanges of equal width and varying thickness. 

(b) flanges of equal thickness and varying width. 

(c) flanges of varying width and thickness, all of 

which separately provide the same modulus 

of section. 
The graph also shows the increase or decrease in tl 
size of flange, to keep the maximum fibre stress constal 
at 9.5 tons per square inch, as-the span increases ‘ 
decreases. , 

For practical design, it is suggested that a series « 
these sheets should be prepared. Each sheet wou 
relate to a range of sections of a particular type ar 
stated depth and all would be valid for a limiting stre 
of 9.5 tons per sq. in. The graphs would be segregate 
into types and the depths would vary by about 6 in. (say 
Perusal of the graphs would facilitate the selection of 
number of possible sections which would provide tl 
required modulus of section on a given length betwee 
effective lateral restraints. 

The series of graphs prepared once and for all woul 
it is suggested, be bound together in the form of a boc 
for ready reference. Any slight variations necessal 
from any of the standard solutions could be mac 
rapidly by slide-rule, but the sections given in tk 
graphs would provide a close, if not indeed, an exac 
answer. Any initial extra trouble in a design office : 


IN 
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SAFE COMPRESSION FLANGE STRESS fp, TONS/SQ. 


5 20 30 
Weer 


the preparation of the graphs would be repaid by tk 
graphs being available for constant reference. At tk 
time of writing this paper, it has not been practicab) 
to prepare a number of these graphs to illustrate mor 
clearly the advantages to be gained. 


ANALYSIS OF EXISTING GIRDERS 

Analysis of existing girders(?) shows that the prop 
tions of their cross-section have a wider range of slende: 
ness than those of British Standard Beams, and that t 


issible stress for gantry girders as given by B.S.449 
iffer radically from the values by the fundamental 
yation ; that is the value of K, as given by B.S.449 
be too low for the stockier sections and too high for 
ue more slender sections as compared with the funda- 
mental equation. Moreover, the value of K, also 
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- PERMISSIBLE FIBRE STRESS 


WHERE 
es 6 


a) 


ca Ee ar? 
Ec 13400 d, 


P WHERE 


d\? 
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I~ OR 
Ee 


1 


ies with the area of cross-section and the ratio of 
eral slenderness L/kyy which is not sufficiently empha- 
d in B.S.449. © 


PossIBLE SECTIONS 
he various types of sections which should be calcu- 
for use on the graphs described above, are shown in 


3. ; 

e desirability of concentrating metal over the web 
een met in riveted work by making the area of the 
. e ; t 


WHERE = = 


| FOR STRESS TO BE NOT GREATER ‘THAN 9:5 TONS PER SO.IN. 
THEN = OF GIRDER MUST BE EQUAL TO OR GREATER THAN :- 
1 


9:5 x2 (;) 
13,400 \d, 


/ 34 , (4i\? 
Ito1 FL 
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flange angles as large as possible. This is catered for by 
the general rule that the flange angle area should be at 
least one-third of the total flange area as shown in 
Fig. 13 (i) to (iv). Another method employed in riveted 
work is the use of double web plates, Fig. 13 (ii) to (iv). 
In welded girders the joint is in some cases splayed 


PROPORTIONS OF SECTION FOR MAXIMUM FIBRE STRESS 
NOT TO EXCEED 9-5 TONS PER SQ.IN. 
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THIS FIGURE HAS 
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FIBRE STRESS OF 
9:5 TONS/SQ. IN. 
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Fig. 11.—Efficiency y = Fe in relation to F, = Gears 


between the web and the flanges (18), Fig. 13 (v) to (vi), 
or a flitch plate used as in Fig. 13 (vii). 

The desirability of dispersing the metal over a wide 
flange has been met by the use of flat plates Fig. 13 
(viii), bulb angles (ix), edge angles (x), channels (xi), 
joists (xii), twin channels (xiv) and welded flats as edge 
stiffeners (xv), 

In order to assess which is the most economical type of 
section, all the above types would require to be calcu- 
lated and plotted graphically as in Fig. 12. The cross- 
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sectional area provided and the cost of fabricating the 


section should then be plotted against the modulus of 
section for a given span, and this should give an idea 
of the relative cost in money and material. At the time 
of preparing this paper, it has not been practicable to 
pursue this. . 
Alternatively, the efficiency y or shape factor per unit 
depth, should be plotted against the cross-sectional area. 


FLANGE SPLICES 


Splices would preferably be placed at a point of least 
stress which in practice is near the end of the span since 


SECTIONS WITH SAME WIDTH | | 
seeeeeeecesee SECTIONS WITH SAME FLANGE THICKNESS me. | 
SECTIONS WITH APPROX. SAME MODULUS OF SECTION q 
——— SPANS FOR LIMITING. STRESS OF 9:5 TONS PER SO. INCH 


Fig. 12.—Typical graph of range of sections 60 inches deep (one of a series) ( 


the flange stress is not uniformly the maximum per- ° 


missible at all points in the span. As a compromise, 
the following arrangements are considered the best :— 


Up to 40 ft. span : flanges in one length. 


From 40 ft. to 80 ft. span : position of joint will be 


from 1/4th to 1/5th of the span from the end. 


Above 80 ft. span : position of joint will be governed 


by the maximum available length of plate, viz. : 
Up to 40 ft. (for thick wide plates (rolling limit). 


Up to 60 ft. ffor thin plates ) (handling 


and for medium plates _. limit) 


existing girders. It will be seen that in the majority 


is considered to be unsatisfactory. 


2 
f= Ky? (ku? + ky? ) 


lower flange plate. This difficulty does not of course 
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Fig. 14 shows the position of the joints in a mumbo 


y d 


of cases the joints are near the centre of the girder and) 
in some cases actually at the centre. This construction) 


A fabrication difficulty which should be borne in mind! 
is that joint cover plates used in the top flange of riveted) 
girders will often necessitate additional packing plates) 
to maintain a level surface for the crane rail. The best. 
solution to this problem would appear to be to splice) 
the flange in conjunction with plate curtailment, using) 
an additional length of top plate as a cover plate for the 


| 


THIS GRAPH IS TYPICAL 
OF A POSSIBLE SERIES 


A2 


arise in welded girders, where the flanges are butt 
jointed. , | 


Webs Me | 
INTRODUCTION 


The stresses carried by the web are largely due to 
shear, so that in earlier years their thickness was usually 
arrived at by assuming a value for the working shear | 
stress. Considerations concerning their stability, how- 
ever, provide a more fundamental basis for design. 
Most modern specifications have considered this aspect 


ave prescribed limits to the thickness at some 
of the web depth :— 
ican Railway Association 1931 web not less than 


pecification 1/20 D (D = distance 
ade between flanges). 
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Fig. 13.—Types of compression flange 


Br. f : 
American Railway Association 1934 web 
Specification 


American Institute of Steel 1946 web ae Her 
_ Construction Specification ihan{ depth 


British Standard Specification 1948 web 
449 } 

af 

jut in this paper, it is shown that the present limit 
should be altered. 
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_A web plate is mostly stressed in tension across one 
diagonal and compression across the other. If it is very 
thin. relative to its panel depth and breadth, diagonal 
buckling occurs at a very low load. When buckling 
occurs, the resistance of the plate to compression across 
the wave is slight and the load is largely carried by 
tensile stresses along the waves together with the 
reaction set up at the edges of the plate. Provided the 
tensile stresses are below the yield point of the material, 
the panel remains elastic and returns to its original form 
on removal of the load. If the yield point is exceeded, 
the panel continues to support a load almost as.great as 
the buckling load, but will remain distorted after the 
load has been removed. If the thickness of the web 
is increased relative to the panel dimensions, the load, 
necessary to cause buckling, increases also until a point 
is reached where yielding of the material takes place 
before buckling occurs. Buckling, accordingly, does 
not necessarily amount to failure but is' undesirable, and 
in conjunction with the elastic limit provides a basis 
for design. That is, the best web dimensions ‘are those 
in which the panel will reach the yield point at the same 
load at which buckling commences. 


DESIGN FORMULAE 


To determine a suitable web thickness, four limiting 
conditions of web loading have been considered and 
equations have been derived(?) for the resulting stress. 
The conditions are pure shear, pure bending, combined ~ 
bending and shear and stresses under a point load, as 
follows -— 

(xr) Pure shear. This will occur at the extreme end 
of the girder, ~ 


s 2 2 
Ter = 12,105 5.35+4 (-)..) ae 
ad St 
tonsisqy ter ai acre ek aD 
where 
ter = the critical shear stress at which buckling 


will occur. 


eS ee ng Nee 
es 
ie) 


¢- FEET 


ec = Pa al = 


DISTANCE OF SPLICE FROM 


* 


Me 


typad oe mel 


SPAN - FEET 
Fig. 14.—Position of flange splices 
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s = the stiffener spacing in inches. 
d = unsupported depth of web in inches. 
ns == modulus factor in shear as given in Fig. 15. 
t = web thickness in inches. 
and the stiffener spacing (s) is not larger than the depth 
of the web (d). 


(2) Pure Bending. This will occur under certain 
conditions of load over the central portion of the girder. 


t2 


fer = 2.892997 X 10° ne —tons/sq. in.. (2) 
d* 
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MOGBULUS FACTOR hk, 
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Fig. 15.._Modulus factor for shear, structural steel 


where fer = the critical maximum compressive bending 
stress in the web at which buckling 

will occur. 
ne == modulus factor in compression as given 


in Fig. 16 (7%). 


(3) Combined bending and shear. Pure bending only 
occurs under certain conditions of load, the more general 
case being that of a web subjected to both bending and 
shear. In this case the design formula becomes 


{2 


12,105 kyne — tons/sq. in. . . (3) 
d2 


where fcr = the critical maximum compressive bending 
stress at which buckling will occur. 

k = a factor depending upon the ratio of 

stiffener spacing to depth (s/d) and 


actual piksdale Wikis stress 
upon the ————f —— 
ratio Gilead seas shearing stress 
See Fig. 17. 
ye = modulus factor in compression as given 


in Fig. 16 (3). 
Local distribution of stress under point load. 


The above formule are applicable to girders carrying 
stationary loads where bearing stiffeners are placed 
under each load. In a gantry girder, however, the 
wheel loads move over the span and therefore the load 
will not always be over stiffeners. When the wheel 
loads are between stiffeners local concentrations of 
stress will occur in the web, and the following formule 


_have been derived to ise for flies concentrations, 


(2),(24),(25),(26). 
Direct horizontal stress under apoint load = ox. 
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where ox = 
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Fig. 16.—Modulus factor for compression, structural | 
steel | 
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Direct vertical stress under a point lead = oy — 
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Shear stress under a point | load = txy = t + —— 


VALUES oF hk 
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Fig. 17.—Values of factor k in rectangular plate 
subjected to bending and shear 


total bending moment at the section due 
_to all the wheel loads and the dead: 
weight of the girder. 
P = total wheel load over the section con: 
sidered. 
d, = total depth of girder. 
V = depth of rail, top flange and flange angles) 
Ixx = moment of inertia of the girder at the 
section considered. 
A = cross-sectional area of girder at section. Fi 


Where M = 


; thickness of web at section. 


: b _ the web and flange angles due to the dead- 
ae weight of the girder and the wheel loads, 
3 but excluding wheel load P. 


_ These equations are in agreement with experiments 
already made but other experiments are needed to 
determine the spreading effect of various types of rails, 
_ The principal compressive and shear stresses are 
calculated by the usual method. 

ee, 

' Ox-t oy 


principal compressive stress = ite 


2 
3 LV (= )+ (ser)* ce tg) 


; principal shear stress = V(" PSS Ve (r25)%. (8) 
2 


} 
. 


_ In all cases the principal stresses should not exceed the 
maximum allowable working stresses of the material 
from which the web is constructed. 


Minimum WEB THICKNESS OF SECTIONS AT MiD SPAN 


_ At various points along the girder, pure bending may 
occur.as the wheels move over the span, and at these 
points the minimum web thickness can be calculated. 
Assuming the maximum compressive stress in the web 
is 9.0 tons per sq. in. approx. (corresponding to a maxi- 
mum compressive stress in the flange of 9.5 tons per 
sq. in.), and allowing a factor of safety of 1.5, which 
has been shown by tests (19),(20),(21) to be adequate, 
the maximum permissible ratio of depth (d) to thickness 
(6) of web is found to be 130 approx. It will be seen 


that this differs from the minimum of 1/170 given in . 


the existing specifications quoted earlier: 

hy 7 

MAximum WEB THICKNESS AT END OF SPAN 

_ At the ends of the girder, the condition of pure shear 
largely exists, and by using the equation for this con- 
dition and adopting a factor of safety of 1.5, the maxi- 
mum working stress in the web + is found and is 


an t\? 
.— (208)? {1 + 2 (s/d)?} Ns (—) vom per sq. in. 


| his equation is similar to the equation given in B.S.449 
8). 

To use this equation, choose the thickness of web (i), 
0 that the maximum working stress + is equal to the 
fe working shear stress and determine the stiffener 

spacing (s), this will ensure that buckling will not occur. 


EB THICKNESS IN ANY PANEL 


he maximum thickness of web will usually occur at 
ends of the girder and for small spans will be constant 
roughout. For large spans it will be more economical 
‘reduce the thickness over the centre portion, in which 

e, calculations need to be made to find the point where 
eduction can be located. The required web thick- 
3s in each panel (i.e., between stiffeners) can. be found(?) 
-means of equations (1), (2) and (3), using the maxi- 
am values of the shear and bending stresses produced 
panel as the loads move over the span. Equations 
, (6), (7) and (8) should be used to check that, 


shear stress in the web at the junction of. 
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with this web thickness, the local concentrations of 
stress in the web are not excessive. 


PosITION OF WEB JOINTS 


The vertical web joints should be placed at the point 
of minimum vertical shear. For simply supported 
girders, zero shear due to self-weight occurs at the centre 
of the span. In the case of shear from the crane wheel 
loads, this is zero at practically every point along the 
girder as the wheel loads move over the span. Another 
criterion therefore has to be considered and that is the 
point which has the lowest maximum shear, and this is 
the centre of the girder. From considerations of shear 
web joints should accordingly be placed at the centre of 
the girder. A further advantage of such an arrange- 
ment is that gantry girders are usually symmetrical 
about the centre and hence the position of the joint 
will usually coincide with a stiffener. Web joints 
should always be placed under or close to a stiffener so 
that they will not weaken the stability of the web 
against buckling. 

For spans over 70 ft., where difficulty may be encoun- 
tered in transporting the girder as a single unit, the 
web splice may have to be moved from the ideal position 
in the centre to coincide with the flange splices, thus 
splitting the girder into two or more transportable 
sections. In this case it is much better to alter the 
position of the web, rather than the flange joints, since 
the maximum shear at any section follows a linear law, 
while the maximum bending moment follows a parabolic 
law. 

Should the thickness of the web over the céntral 
portion be reduced, as has already been explained, the 
webs joints will obviously have to be moved from the 
ideal position at the centre to that position where the 
thickness changes. 

Since the maximum width of plate is limited by the 
size of the mill, it will not usually be found feasible to 
construct the webs of larger girders in one piece and a 
horizontal web joint will have to be incorporated. It 
may in this case be found more economical on large span 
girders to construct the central portion of the web of 
thinner section employing two welds, rather than to 
join two equal thicknesses at the centre. This con- 
struction is justified since the centre of the web is under 
low bending stress and does not contribute any great 
resistance to buckling. Web shear stresses will have to 
be carefully considered in such a case however. 


Web Stiffeners 

INTRODUCTION 

As long as the local concentrations of stress in the web 
due to the wheel loads are below the allowable stress, 
the web can be prevented from buckling by a suitable 
arrangement of web stiffeners. If the bending and 
shear stresses in the web are too high, the stiffeners 
will need to be placed so close that they become un- 
economic, and then it is better to increase the thickness 
of the web. If the web is subjected to pure bending, 
vertical stiffeners will have little effect on the stability, 
and recourse must be had to horizontal stiffeners to 
prevent buckling under high stresses. The loading 
conditions are accordingly more exacting than in the 
case of girders carrying only concentrated static loads 
under which bearing stiffeners can be placed so as to 
distribute the load over the whole depth of the girder. 


STIFFENER SPACING 

Existing regulations in different countries vary 
considerably (Fig. 18) but by using the theory of stabil- 
ity, formule for suitable stiffener spacing have been 
developed(*). 
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At the extreme end of the girder where the web is: 


largely subjected to pure shear, the required stiffener 
spacing, s, is given by :— 


5-35 %s : 
Rie ete tn tas ee 
ee To5 0 — 473 t 
12,105 d? 


Over the centre portion of the girder, where the web 
is subjected to both shear and bending, the required 
stiffener spacing s, is given by :— 


5-35 %s 


1.5712(I —p?) 


PE Se tener es cen 


mE 0 d? where s < d 


TABLE I—Reduction of # for Bending Stresses due to simultaneous action of shear 


ng xta(r a) 5. 38ndtat 


n? EQ. d? where s > d 8 
ke OE Bog 12(t on t)a2 ¥% 
AH 
ky ne = - 23.9 PE 4 

where s = required stiffener spacing in inches. 


6 = the value of the ratio +/ter as given by 
Table I for the particular value of | 


ratio k/k,. 
sp) = maximum compressive bending stress ir 
the web in tons/sq. in. 
je = modulus factor in compression | 
d = unsupported depth of web in inches 
t = thickness of web in inches 


| 
T/Ter | 0.1 | 0.2 | 0.3 | 0.4 | 0.5 | 0.6 0.7 : 
% of k | 0.99 | 0.97 | 0.94 | 0.90. | 0.84 | 0.77 0.68 | 0.57 0.41 fo) | 
PE/E/44/52 u == Poisson’s ratio for the material. 


Ee JOHANNESBURG 


s 
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Fig. 18,—Stiffener spacing by various specifications ~ 


E = modulus of elasticity for the material. 
« = shear stress in web panel in tons/sq. in. 
ms == modulus ratio in shear. 


* APPLICATION To DESIGN 


In order to reduce the number of calculations whict 
this method involves, the required ratio s/t has beer 
calculated for varying values of d/t, bending stress anc 
shearing stress and is shown plotted in Fig. 19. Thi 
figure can thus be used to find the necessary stiffene’ 
spacing for any girder, the procedure being as follows :— 
Having evaluated the slenderness ratio of the web (ai) 
this value is found on the abscissa and a vertical line 
projected up to cut the appropriate full line of extrem 
fibre bending stress in the web. A horizontal line i 
then projected across from this point to cut the appro 
priate dotted line of shear. A vertical line is thei 
drawn to cut the web slenderness ratio line (chai 


stiffener spacing 
dotted) and the. required ratio 


web thickness 


can be Head off the right hand ordinate. A worket 
example is shown at the bottom of the figure. 

The case of the stiffener spacing at the end of thy 
girder, where there is no bending stress, can also bi 
found from the figure by using the full line for zeri 
bending stress. It will be seen in this case that with : 
shear stress of 6 tons/sq. in. slenderness ratios greate 
than 105 require a stiffener spacing less than the deptl 
of the web (d) and ratios less than 105 require a spacinj 
greater than the depth: The limit of stiffener spacin; 
is reached at a web slenderness ratio of about go, belov 
which no stiffeners are required for stability, this bei 
in / agreement with previous experimental work (22 
Stiffeners are usually incorporated in practice, however 

wh 


ge 


since they increase the torsional rigidity of the girder 
ind help to keep it square during construction. , 
_ The figure also shows the limiting slenderness ratio 
r a particular bending stress and also the allowable 
sombination of bending and shear stresses. Thus the 
|imiting slenderness ratio for a bending stress of 10 tons/ 
3q. in. is 103 and for a stress of 8 tons/sq. in. is 143. 
‘Also a web subjected to a bending stress of say g tons/ 
3q. in. cannot also safely carry a shear of 6 tons/sq. in. 
for the range of web slenderness ratios shown. However, 
such a web can carry a shear stress of 5 tons/sq. in. if the 
slenderness ratio lies below 95. 
| An examination of existing girders shows that a 
certain proportion have web slenderness ratios of less 
than 90 so that the stiffeners do not ultimately strengthen 


the webs against buckling. As the shear increases: 


towards the end of the girder, the shear stress increases 
30 that the ratio of stiffener spacing to depth of girder 
should decrease and this is so in the girders with parallel 
flanges where the stiffener spacing decreases towards 
the ends. The majority of existing girders with sloping 
or curved flanges maintain a constant stiffener spacing 
over the last quarter of the span. Actually the spacing 
should decrease slightly towards the ends, although not 
to the same extent as for girders with parallel flanges. 
This can be seen from, equation (1) for pure shear, which 
shows that for a constant stiffener spacing (s) a decrease 
in the depth increases the critical buckling stress, 
although not in a direct ratio. On the other hand, since 
the shear increases and the depth decreases towards 
the ends, the actual shear stress increases rapidly. In 
order, therefore, to maintain the same relationship 
between actual and crippling stress, the stiffeners must 
be moved closer together. To reduce the actual shear 
stress, the use of web cover plates at the ends of girders 
with sloping flanges is to be recommended. 


STIFFENER STRENGTH : 
_ Besides preventing the web from buckling, web 
stiffeners support the compression flange against local 
buckling and increase the torsional rigidity of the girder. 
The strength of the stiffeners should be sufficient to form 
nodal lines at their location as and when the critical web 
stress is reached. Any increase in stiffener size beyond 
the minimum necessary to form nodal lines will not 


hey 
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_ This equation does not give an idea of the shape of 
stiffener to be used but from experience, a stiffener, 
without ‘any kind of flange at its outer edge, should not 
be thinner than a sixteenth part of the width or one- 
hundred and fiftieth part of the length of the stiffener 
whichever is greater. Wherever possible, stiffeners 
should be constructed in tee form with the flange placed 
outwards from the web, so as to stiffen the outer edge 
of the stiffener. The best form of stiffener will have the 
largest radius of gyration for a given cross-sectional area, 
the largest part of which will be as far as possible from 
the web. A stiffener on one side of the web will accord- 
ingly be more efficient than two smaller stiffeners one 

on each side. If this arrangement is adopted, attention — 
must be given to supporting the compression flange 


against local buckling, so that on the side without the 


stiffener, a triangular gusset between web and flange 
may be necessary. Also to avoid too much asymmetry, 
the single stiffeners will require to be placed on alternate 
sides of the girder. As the least material to connect the 
stiffener to the web is attained by the use of welding, 
welded stiffeners are to be recommended, even where 


‘the remainder of the girder is riveted. As stiffeners 


in crane gantry girders merely support the web, their 
type, unlike bearing stiffeners, is not limited, so that 
they may be joggled or straight. To prevent twisting 
of the flange about the web, it is essential for the top 
of the stiffener to be fixed or packed flush with the under- 
side of the compression flange. The bottom of the 
stiffener should not be welded to the tension flange in 
such a way that the weld runs across the flange, but 
horizontally at the extreme edges of the flange. 


The foregoing remarks do not apply to. end stiffeners 
which are essentially bearing stiffeners. End stiffeners 
should always be in pairs, symmetrical about the webs, 
and should project to the outer edges of the flange. 
They should be designed as a column of effective length 
equal to three-quarters of the length of the stiffener, 
while the bearing stress on that part of their cross- 
section which is clear of the root of the flange angles 


‘should not exceed 12 ton/sq. in. for mild steel. 


It has been shown(?) that vertical stiffeners do not 
materially affect the resistance to buckling of a web 
panel subjected to bending stresses. The web can be 


a TABLE II.—Factor “ ¢” for values of Ratio s/d 
i" 
s/d 0.5 0.55 | 0.6 | 0.65 | 0.70 0.75 0.80 0.85 | 0.9 0.95 I.0 
Average value of q | 5.55 4.15 | 3:15 | 2.638 | 1.926 1.55 1.276 1.062 | 0.9 0.756 | .0626 


increase the web strength, because the web cannot be 
stronger than its weakest panel, which at this critical 
stress will have commenced to buckle. 

_ From theory and tests (2),(22),(27)to(32) the necessary 
strength can be found from :— 

e 


Te = gat?) ie Ban nS) 
= a factor dependent upon the ratio s/d. 
Values of g being given in Table II and 
Fig. 20. ; 
= unsupported depth of web in inches. 
= thickness of web in inches. 


centre of the web if double stiffeners are 
employed, and about the inner face of the 
web if the stiffener is only on one side of 
the plate. | . 


= moment of inertia of stiffeners about the » 


increased to this end but this is at the expense of added 
weight. A more effective method is to use horizontal 
stiffeners. in the compression area of the web. Recom- 
mendations’ on horizontal stiffeners however need 
further consideration. 


End Connections and Allowance for Expansion 


__ The bearing plate must spread the load and spread it 


uniformly. The more end stiffeners and webs there are, 


the less spreading, and hence thicknesses of bearing 
plate, is necessary. To avoid uneven bearing pressure, 
provision, as far as possible, is needed to allow the 
bottom flange to extend and tilt. In spans over 50 ft. 
some form of pinned end might have been considered | 
advisable although such provision has not been made 


‘except in the latest building having spans over 100 ft. 
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Even so, one span of 117 ft. has been built without any 
special provision for rotation of the bearings. 
Although in competitive work, holding down bolts in 
base plates to structures are omitted, holding down bolts 
in bearing plates to girders must be provided even in 
free spans, although uplift is not to be expected. Posi- 
tioning laterally, longitudinal continuity and resistance 


AR 


20 100 110 120 130 140 
WEB SLENDERNESS d/t 


surge girder is provided. A more elaborate way than 
cross bracing between girders or plating to the leg of the: 
roof stanchion is the use of separate frames in the form 
of an ‘‘A”’ which permit differential deflection between’ 
adjacent girders. st 

In buildings, the range of temperature to be allowe¢ 
for is less than for bridges where the usual provision 


s/t 


{90 
210 
230 


y : 
| 
LJ avo | 

18 


150 ° 490 | 


fo) 170 


EXAMPLE. :- A WEB,SLENDERNESS RATIO 122-5, IS SUBJECTED TO A BENDING 
' STRESS OF 8 TONS/SG.IN. AND A SHEAR STRESS OF 3 TONS/SQ@.IN. 
STARTING FROM THE VALUE OF SLENOERNESS RATIO (POINT A) 
FOLLOW VERTICAL DOTTED LINE UNTIL IT CUTS FULL LINE 
REPRESENTING A BENDING STRESS OF 8 TONS/SG.IN. (POINT B) 
ACROSS HORIZONTALLY CUTTING SHEAR LINE FOR 3TONS/SG.IN (POINT C), 
UP TO THE INTERPOLATED VALUE OF THE SLENDERNESS RATIO (POINT D) 
FINALLY ACROSS TO POINT E GIVING THE VALUE OF THE STIFFENER 


SPACING AS 128 xt. 


Fig. 19.—Chart for computing stiffener spacing 


to tractive forces, expansion and vibration is also 
maintained by longitudinal bolts through the end 
plates. The bolts should screw down on sleeves or 
ferrules over which the adjoining end plate may slide to 
‘allow for expansion. These bolts should be arranged 
in groups in the centre of the depth of the girders and 
not uniformly over the depth as in many existing 
girders. 


Lateral surge from the cranes is transferred largely 
through the top flange at the end of the span unless a 


is from 2 to x in. for every 100 ft. From experienc 
the use of sliding plates or steel rollers as used in bridgi 
can be dispensed with because the stanchion must f 
very stiff and well anchored at the base if it is to offt 
the necessary resistance to make sliding of the girde’ 
possible. 


An effect somewhat similar to temperature is tl 
tendency of ‘‘ built-up ”’ riveted steelwork to increase © 
length during erection. As an example of this, bean 
which butt into webs and on to flanges are usual) 


’ 


e $ in, and 4 in. less respectively than the theoretical 
dimension, the larger } in. dimension allowing for 
zed rolled sections. Where stools are used on 
hions, the centres of the holes are drilled to the 
dimension. The net dimension is also used for the 
le centres of riveted or welded crane girders in which 
e holes for attachment to the stanchion caps are 
arked out and drilled after the girder has been com- 
ted. 

i 
; Camber 


The provision of an initial set upwards during 
abrication may be beneficial in improving appearance 
md drainage, in producing horizontal flange plates 
inder load as assumed in design, in avoiding a sagging 
ffect at the centre due to the greater thickness of flange 


08 i Ke) 
STIFFENER SPACING 
UNSUPPORTED DEPTH OF WEB 


O7 
RATIO 5 = 


is. 20.—Factor q for calculating stiffener strength 


ates, in allowing for creep in the metal under load, and 
_reducing the gradients to be negotiated by the crane. 


n heavy gantry girders, especially if welded, the 
ulties of providing a camber during fabrication 

to outweigh the advantages. The principal 
ideration is to maintain the level of the track as far 
ossible. Without camber, the crane has to climb 
adient when moving towards the end of the span 
ugh as the crane travels further from the centre 
deflection and hence the gradients are reduced. 
ith camber, the crane enters its maximum gradient 
en it first rolls on to the girder. To balance these two 
nts, the camber provided should be equal to the 
ad load deflection plus half the live load deflection. 
ions should preferably not exceed 1/1000 of the 
and usually are not more than 1/500 giving a 


um. gradient of about I in 200. 
fo - 
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As the girder spans over the furnaces in a melting 
shop are often longer than the girder spans on the other 


- side of the shop, the deflections of the supporting girders 


at each end of the crane may differ, causing the crane to 


' skew during long travel, so giving rise to flange wear(3) ; 


this condition is important and should not be over- 
looked. One other difficulty is the use of asymmetrical 
girders, such as girders with surge girders attached or 
two parallel girders having differing moments of inertia 
when braced together. These composite girders tend 
to twist under the load and accordingly need careful 
consideration, 


Loading 


In addition to the self weight of the girder and weight 
of crane and load, allowance must be made for the 
dynamic effect due to the crane and load. To this end, 
a percentage is either added to the static crane load and 
the usual working stresses are adopted or alternatively 
the. static loads are used and the working stresses are 
reduced. Both methods have the effect of maintaining 
the safety factor between the working stress and the 
yield stress of the material during high transient stresses. 
As the dynamic effect is dependent on the relative 


masses of the crane and girder, the correct impact factor _ 


differs in each case. 


Values of factors for vertical impact, lateral and 
longitudinal surge as recommended by various authori- 
ties are shown in Table III and these are seen to differ 
appreciably in some cases. , 


Most values are stated to be the minimum, so that 
the correct value is open to some doubt. 


Vertical impact covers vibration, jerk due to sudden 
lifting of the load, possible slip of slings and irregularities 
in rail surface and the average value of 25 per cent. 
appears adequate. For longitudinal surge, the co- 
efficient of friction between steel and steel is 0.2 but the 
crane may oscillate about a line perpendicular to the 
rails causing flange and rail contact and the evidence 
of flange wear indicates that a factor of 5 per cent. of the 
wheel loads is possibly too low. For lateral surge, a 
percentage of the weight of crab and lifted load is 
mostly required. As the crab and load is often traversed 
during long travel lateral and longitudinal surge should 
be considered simultaneously, although this is not 
insisted uponin the British Standard. 


It is not wholly certain that the action of a dynamic 
load is similar to a static load at the same point. It is 
usually assumed that the stresses are similar but it 
might be better to assume a similar elastic shape de- 
formation in the structure. 
method is that any error in the assumed shape is magni- 


fied by the successive differentiation which-is required — 
to link deflection and stress. The most accurate way \ 


of relating the actual stresses to the known applied 
loads is to carry out stress measurement on existing 
girders and this is accordingly being pursued. 


Until such test results are available it is suggested 
that the following value for impact loading should be 
assumed for iron and steelworks cranes :— 


Vertical impact loading = 25% of maximum wheel 
loads. 


Longitudinal surge = 10% of maximum whee 
loads. a 
Lateral or “ side ’’’ surge 
(a) Charger cranes = 25% of weight of crab and 
lifted load. 


The objection to such a 


an 


\ 
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(b) Magnet cranes 
lifted load. 
(c) Casting cranes 
lifted load. 


The loading intensity recommended is :— 


Crane Loading 
Type 
Lateral Surge ~ 
Vertical and 
Longitudinal 
Charger two both cranes 100% one crane 
cranes loaded 100% 
Magnet running one crane 100% lateral load- 
Casting) buffer ( loaded ) ing 
to one crane unloaded one crane 
buffer 50% lateral 
loading 


Conclusions and Recommendations 
In this paper, which is based on two more detailed 


papers(*) and (8), it has been shown how improved design 


TABLE III.—Allowance for Impact as given by Various Specifications 


20%, of weight of crab and 


= 10% of weight of crab and - 


me economy can che achieved by close: 
fundamental theory and to the best ae and 
main conclusions may be summarised as follows : — 


The type of girder most suited to crane gantry gi 
in steelworks is a single webbed plate girder and 
depth should preferably be as defined by the equa 
given in the text and within the range of 1/14th t 

1/8th of the span. = 

Many gantry girders are more slender in section thai 
British Standard beams and the usual equations 
permissible stress in the flanges are not necessa 
applicable. A practical:means of applying the fun 
mental equation in the design office is described and 
enables the stockier sections in particular to be u 
over a greater range of slenderness ratios, and for 
more slender sections over a more restricted range t 
is suggested by B.S.449. Graphs have been develo 
to test given sections for permissible stress and als 
select suitable sections directly. Flange splices, wher 
required in the larger girders should, as a nd erect 
between theory, fabrication, transport and _ erecti 
considerations, be arranged at quarter to fifth sp 
points, subject to other considerations such as maximun 
available lengths oh plate. 


(a) 
Author Vertical Impact 


Percentage Increase 


(bd) 
Longitudinal Surge 


(c) 
Lateral Surge Remarks 


The Institution of Structural 
Engineers Report on Loads 
and stresses for crane gantry 
girders (1927) 


25% of the maximum 


wheel loads loads 


Not less than 5% of 
the maximum wheel 


Not less than 5% of | All loads to be acting at th 
the weight of crab | same time, with two crane 
and lifted load di- | running bumper to bu 
vided equally be- | the minimum vertical img 
tween the rails shall be 15% of total whe 

loads : “a 
a 


British Standard No. 449 (48) 
The use of structural steel in 
buildings 


25% of maximum 
wheel loads 


5% of maximum 
wheel loads 


Forces (b) and (c) shall not 6} 
taken as acting at the sam 
time. The permissible ben 
ing stress can be increased 
10% for combination of | 


10% of the weight 
of crab and lifted 
loads 


(a) and (b) 

cs 

— I Sa I 
American Institute of Steel 10% of maximum | 20% of the weight 4 
Construction Specifications, | 25% of wheel loads | wheel loads unless | of crab and lifted €| 
1946 otherwise stated loads a 


Russell & Dowell, ‘‘ Competitive | — 
Design of Steel Structures’’ | 25% of wheel loads 


load 


Not less than 10% 
of maximum wheel 


Z a 


10% of lifted load 


Redpath Brown & Co., Ltd. 20% of wheel loads 


loads 


Not less than 5% of 
the maximum wheel 


Not less than 5% of 
weight of crab and 
lifted load 


Schulze B.1.0.S. Report. 
Final Report No. 1822 


74% of maximum 
wheel loads 


10% of maximum 
wheel loads 


A percentage of live 
load bending 
moment diagram 


Dr. Witt B.I.0.S. Report. 
Final Report No. 1822 


10% of maximum 
wheel loads 


15% of weight of 
crab and lifted load 


* 


> 


web thickn 


As! 


ression flange stress is at a maximum of 9.5 tons 


(c.f. the figure of —— in existing speci- 
oe 170 


tions). The best thickness will be attained when, 
ome higher loading, the web will have reached the 
jield stress at the same time as it commences to buckle. 
itress concentrations under wheel loads should be 
xamined and equations for this are given, and in this 
mnection, the effect of rail ‘‘spread’’ needs to be 
larther examined experimentally, Vertical web joints 


e, as in large spans, it is economical to reduce the 
thickness over the central portion. 


ckling, to support the top flange against local buckling 


‘ao 
i € 
he 


hould accordingly be designed essentially as “‘ inter- 
nediate ’’ stiffeners and equations for their spacing and 
itrength are given in the text. Attention should be 
riv to the most efficient type of stiffener to maintain 
on weight. Horizontal web stiffeners enhance 
‘he resistance of the web to bending stresses and they are 

mmended, but the estimation of their strength 
further consideration. . 


m experience on existing girders, no_ special 
gement is required for end connections and girder 
gs up to spans about roo ft., unless the girders 
‘continuous or rigidly tied to another twin or to a 
girder, when there is a tendency to twist and this 
as to be restrained at the bearings. Some girders with 
ans over 100 ft. have been articulated at the cross 
acing to eliminate twist, frames have been provided 
at the bearings to resist the lateral forces and pins have 
een inserted to assist rotation at. the bearings due to 
ection, while other girders of similar span have been 
it without these precautions. In view of this 
erence in practice the subject needs further examina- 
on to arrive at the best and cheapest detail to cater for 
mperature, differential deflection, the transmission of 
fe and allowance for rotation of the bearings. 


The adoption of camber helps to limit the gradients for 
crane wheels, to avoid a sagging effect due to extra 
skness of plates at the centre and to make the flanges 
izontal when under load as assumed in design. If 
ed. camber should be equal to the dead-load deflection 
us half the live load deflection at the centre. When 
tmining camber, the deflections of the two gantry 
rders at each end of the crane should be equalised as 
possible to limit the tendency of the crane to slew 
also the torsional effect of the surge girders should 
taken into account. In large girders, the cost of 
brication to include camber probably outweighs the 
vantages. ; 


a whe existing method of allowing for the dynamic effect 
he wheel loads by increasing the static load by fixed 


ve masses of the lifted load, the crane and the 
so that experiments on existing girders are 
ended to relate induced stresses to actual loads. 


ess should not be tase thidey. 


a the unsupported depth of the web when the : 


Id preferably be located at the centre, except 


ind to increase the torsional rigidity of the girder. They’ 


ntages does not take sufficient account of the ~ 


ances given in the text which are considered to be 
suitable, may be used. 
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Plate 1—General view. Left foreground: residential quarters. 


The Siren Aspect of Power 
Station Design in South Africa* 


By G. M. Frost, M.I.Struct.E., M.(S.A.)LC.E., F.R.S.A. 


Summary 


This paper sets out the results of an investigation 
carried out by the Structural Engineering department of 
ESCOM to determine, if possible, the most economical 
design for steel frame power station buildings in South 
Africa. 

The Electricity Supply Commission of South Africa, 
commonly known as “ Escom,” is a Corporate body 
created by the Electricity Act of 1922, and in terms of 
Clause 10(4) of the Act :— 

‘Tt shall be a general principle of the Commission that 
its Undertakings shall, as far as practicable, be carried on 
neither at a profit nor at a loss, and that its charges shall 
be adjusted accordingly from time to time.” 

It is therefore obvious that Escom in common with 
similar bodies in other countries, is vitally interested in, 
among other things, the economic design of the buildings 
enousing its power station plant. 


*Read before the Institution of Structural Radneee at 11, Upper 
Belgrave Street, London, S.W.1, on Thursday, May 14th, 1953. 
My. S. Vaughan, B.Sc., "M.I.C.E., M.1I.Struct.E. (Vice-President), 
in the Chair. 
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To this end the Structural Pipnente department of 
Escom has for some time past been investigating the 
comparative costs of various designs of power static 5 
main buildings, and the object of this paper is to lay 
before you the results of those investigations and th 
conclusions which have been reached. 


It is essential, in this connection, to take account 
South African conditions, as these aatect poe cost and 
design. 


To begin with, the Union of South Africa is a ara 
country, actually about 53 times as large as the United 
Kingdom, and the greater part is industrially u 
developed and very sparsely populated. Industrie al 
areas are, except for the gold, coal and base metal mines, 
concentrated i in or around the large towns. “3 4 4 


The pends and secondary es e now connected di 


with a surface of anything from hard-packed sandy ‘soil to 


plain clay, which become virtually impassable afte H! 


heavy rains, so that transport of material to site may be 


ibly to the finished cost of the structure. 

€ major portion of the present industrial expansion 
the Union is taking place in the Orange Free State and 
nsvaal with the result that our latest stations in 


est dorp 20 or 30 miles away. For this reason, 
jther Escom or the contractors must provide living 
jscommodation for their employees, both white and 
tack, on the site. Moreover such accommodation, 
ving to the present day difficulties in attracting labour 
such a site, has to be of a standard which would have 
described, 25 years ago, as positively luxurious: 
Escom finally pays and the cost of the accom- 
dation and amenities go to swell the cost of the 
bedjob, -  {- “3 . 


‘ 


Ine would imagine that in building in the veld the 
most unlimited space available would be an advantage, 
it strangely enough this can be something of a handicap. 
The reason is this—in the United Kingdom it seems, 
hen building a new station you are usually presented 
ith a limited site; it may be large or small but it is 
ined as to position and area. This limitation, 
gether with your more precise knowledge of the in- 
ded capacity of the station, makes it possible for you 
ay out your station at once, complete with any 
sible future extensions. = 

We, in South Africa, on the other hand are not limited 
area, only, in general, by economic considerations 
ch as the availability of coal and water and by what I 
ay call the “‘ handleability ” of the station. Because 
he unreliability of load forecasts due to the very 
1 industrial growth of the country in recent years, 
upled with the availability of unrestricted site areas 
ljacent to large coal fields and adequate water supplies, 
akes it-a rare occurrence for us to know, when we 
mmence the design of a station, what the final capacity 
ill be. For example, before we had completed the 


a major and expensive problem, adding — 


@ provinces are sited away in the veld with the 
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design of Vierfontein as a 150 MW station it was in- 


creased to 210 MW, and before the first few bays of the 
turbine house had been erected it was again increased to 
300 MW. In fact, broadly speaking, if we were pre- 
pared to reduce the life of the station by using the avail- 
able coal more rapidly, there would be no reason, apart 
from ‘“‘handleability,’ which is referred to in more 
detail later, why Vierfontein station should not be in- 
creased to 600 MW or more. 

_ On the face of it this should present no difficulty, but 
reference to Plate 1, which shows the site of Vierfontein 
Power Station soon after work was commenced, will 
show why, with no precise information regarding the 
final extent of the station and the first machine required 
to be running as soon as possible, work must be com- 
menced at one end of the station and the other end must 


Plate 2—Vierfontein Power Station under construction 


be left free of any obstruction whatever to allow for any 
possible future extensions, though these may not be 
undertaken for years or perhaps ever. 

This means that one end of the site is completely use- 
less in so far as the siting of such ancillary buildings and 
structures as the Administrative office block, switch 
operating block, workshops and stores, H.T. yard, 
cooling towers, water purification plant, railway sidings, 
roads, etc., are concerned. 

For example, many British stations are provided with 
two handsome reinforced concrete chimneys, one at each 
end of the station, which from an aesthetic point of view — 
is a very pleasing and often economically sound arrange- 
ment. Our stations.are mostly away in the veld so we 
are not so concerned with architectural appearance, 
nevertheless we do want a certain amount of good looks, 
but we are limited in scope because the only place avail- 
able for the chimneys is down one side of the boiler 
house. 

For the same reasons practically the only location for 
the H.T. yard and cooling towers is down one side of the 
turbine house, which leaves only the area at what we call — 
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the permanent end of the main buildings for such things 


as the office block and stores and workshops. 


It may be said that these things only place a limit on 


the possibilities of layout and so have little or no effect on 
the cost of the station. But consider for a moment the 
effect that. these limitations have on such things as, for 
instance, the design of the storm water and sewerage 
systems. 

The storm water system has to collect and dispose of 
the rain water from all the roofs of the buildings and 
from the levelled areas around the station, the quantity 
ranging up to 5 in. of rain per hour. This system also 
handles the drain water from the turbines, heaters, and 
steam receivers, and the cooling tower ponds blow-down. 

In order to collect all this water the system must 
generally be composed of a number of parallel drains 
‘running the length of the station, both inside and out- 
side the turbine and boiler houses, brought together at 
_ one end of the station by means of a header pipe leading 
to the final outfall. 

In order to collect the longitudinal drains the header 
must pass transversely across the station at one end or 
the other. The longitudinal drains must be graded from 
just below ground level at one end to a depth determined 
by their length and grade at the other. But there lies 
the trouble. The drainage system is one of the first 
things to be designed and constructed, but at that time 
we do not know what the full extent of the station will 
be, so we can neither determine the length of the main 
buildings and the longitudinal drains nor, consequently, 
the depth of the header. 

Moreover we can only place the header at the perm- 
anent end of the station, for fear that if we placed it at 
the extension end of the station the extension would 
over-run it at some future date. 

There is only one way out of this dilemma and that is 
sy assume that the station will eventually be extended to 

“handleable ’’ maximum, which we have fixed, from 
aa experience, at 12 sets placed transversely. 

Precisely the same remarks apply of course to the 


sewerage system, which must collect and dispose of thé’ ™ 


sewage from offices and internal change rooms, the 
future positions of which are unknown when the layout 
of the reticulation is being planned. 

It is obvious that if-the station is never extended to 
12 sets a great deal of costly excavation will have been 
undertaken to no purpose, but under the circumstances, 
unavoidably. 

That is the background against which the ealaying 
remarks must be viewed. 

Table I was prepared to show the comparison, one with 
another of the cubic contents and steel’ required, between 
five South African stations and compared with the same 
data for 13 British stations. 

Pretoria ““B’’ which is not an Escom station, isa 
reinforced concrete structure and was added to Table 1 in 
order to compare that type of structure with an all steel 
structure which is the type of all Escom stations, up to 
date. 

As can be seen Columns 2 and 3 merely describe the 
plant to be housed. Columns 4, 5, 6,7 and 8 show the 
total volume and volume of various parts of the housing 
provided at the different stations. The interest of these 
figures lies in the wide variation shown in the volume per 
kW provided in the South African stations and, by 
comparison, much the same variation in the volumes 
provided in the British stations. 

It should be, without question, the object of every 
designer of power station buildings to provide as much 
space as he can for the least possible cost per kW in- 
stalled. 


Ghia ao ‘ro ants Ir are on interest’ as S showin t 
total amounts of steel required, the tons per megaw 
and the lb. per cu. ft. of volume. Here again a wi 
variation will be noticed. It should be noted that in 
case of the South African stations such things as h 
railing, chequer plating, open grid flooring, roof she 
(where that is used), stairways and treads, have 
included in the weight of steel. I am unfortun 
unable to say whether this 1s so in the case of the Br 
stations. 

Columns 12 and 13 have been included because of t 
difference in design between the turbine house and boi 
house, at least in so far as Vierfontein and Taaibos a 
concerned, and they show the tons of steel required : 
MW in the turbine house and the tons of steel per 1,000l] 
of steam in the boiler house for each station. 


Columns 14 and 15 show, respectively, the cost of t 
steel frame buildings per cu. ft. of volume and per k 
installed. This information regarding British station 
I have been unable to obtain. 


Before attempting to reach any conclusions from @ 
study of Table 1 it must be remembered that a great 
many factors have to be considered when planning ¢ 
power station. Such things as the length and run o} 
H.P. pipework, the length and runs of cabling, the layout) 
of C.W. pipes, the disposition of the turbo-generators and 
boilers, etc., must be considered, all in relation to on¢ 
another and their individual and combined effect on the 
plan, elevations and sections of the buildings, so that the 
station requiring the least amount of steel per cu. ft. o 
even per kW is not necessarily the most economic wher 
viewed in the light of the total cost of the station as 2 
whole. = 

For these reasons it is impossible to ae and i 1g) 
very difficult to generalise, so that in comparing thesé) 
various stations we must take into consideration thé 
restrictions imposed by the requirements of the plant anc 
location, in each case. Rid 

The best we can do therefore is to consider each station 
in the light of its own particular circumstances. | 


Let us take them then in descending order of tons | 
steel required per megawatt of installed capacity. a 


Umgeni Power Station is in Natal, in a peri-urban are 
adjacent to and overlooked by several small residenti 
areas, and was subject to the building by-laws of Durbar) 
and the Durban Elevational Control Committee’ 
requirements. For these reasons flat roofs were adopte¢ 
and architectural considerations affected the structur( 
much more than at Taaibos, Vierfontein or Wilge. Fo: 
the same reasons the flat roofs were constructed — 
hollow pre-cast concrete beams. In order to produce 
pleasing clean cut internal appearance and to eliminat 
all obstructions to pipe and cable runs, box section rigi 
portal frame construction was used throughout, and nk 
longitudinal or transverse vertical bracing was allowed. © 


The generators at Umgeni are disposed end to e " 
longitudinally and there is a single row of boilers. Te 
keep the boiler faces clear the boiler house columns wert 

spaced at 48 ft. o in. centres and the turbine hous 
columns lined up with them, resulting in long span a 
eaves and roof girders. The 75 ton crane has a span 
51 ft. oin. 

The rigid portal type of Goustrhetion combined wil 
the absence of all vertical bracing resulted in some very 
large bending moments in the columns in both directions 
and in the connecting beams. 

The concrete roofs resulted generally in a dead ail 
superimposed load of approximately 112 Ib. per sq. ft. i 
addition to which the boiler house roof carries the FB 
fans and withstands thers vbr, 
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All these things resulted in a etracrure which, for 


reasons not under. the structural designer’s control, 
proved to be a very heavy one. 


We consider, 57.3 short tons per MW is very heavy, 
especially as the turbine house does not include an off- 
loading bay. 


Hex River Power Station is close to the town of 
Worcester and is another in which the generators are 
disposed end to end longitudinally and the boilers are in a 
single row. 


The structural design of this station is the same as t tha 
of Umgeni except that above firing floor level vertica 
bracing has been introduced between the bunke: 
columns; the only flat concrete roofs are over the bunke 
and auxiliary bays, both of which carry heavy tanks, 
the remaining roofs are sloping and covered with pro, 


tected metal V-beam sheeting. In addition the bunke: 
columns at this station are spaced at 53 ft. 0 in. centres) 
but the main building and crane columns are at a third 0 
this distance, giving crane, eaves and roof girders 0 

17 ft. 8 in. long. The 56 ton crane has a span of 44 ft. | 
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Plate 4—Hex River Power Station. 


Transverse section 


result of these differences is a decrease of about 
r cent. in the amount of steel required per MW as 
mpared with Umgeni. . 

We now pass to Vierfontein where local conditions, 
lant layout and structural design are quite different 
‘om those of the two previous stations. 


wns of any consequence being Klerksdorp 22 and 
oonstad 53 miles away, so that there is no serious 
lection to visible sloping roofs covered with corru- 
ed galvanised iron. . 

The generators are placed side by side transversely, 
he boilers are in a double row with the bunker aisle 
etween them, and an off-loading bay is provided. 

‘In order to keep step with the plant erection pro- 
ramme the turbine house had to be erected before the 
oiler house so that it had to be self supporting in that no 


orizontal loads could be transferred from. the turbine 
iouse to the boiler house structure, until the boiler house 
vas erected. 


ae 


y and C.W. pump bay. The remaining roofs are 
loping 4nd covered with corrugated galvanised iron 
heets giving a dead and superimposed roof load of 
proximately 20 Ib. per sq. ft. 

Plate No. 5 shows that this station is designed virtu- 
lly as two separate simple braced frame structures. The 
unker columns, vertically braced in both directions, 
orm the back-bone of the boiler house. Main building 
ad crane columns are at 30 ft. o in. centres throughout, 
nd the 75 ton crane span is 79 ft. 54 in. 

This radical change in design resulted in a decrease in 
reight of steelwork per MW of 49 per cent. on that 
at Umgeni and 40 per cent. on that used at Hex 


Plat e No. 6 shows the cross section of Taaibos Power 
, which again is situated in the veld, some 


miles from Vereeniging. Like Vierfontein an off- 
ding bay is provided and the generators are placed 


‘This station is sited away in the veld; the nearest 
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The only concrete flat roofs are those over the auxiliary . 
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side by side transversely, but being 60 MW machines 
instead of 30 MW the width of the turbine house is 
greater; the crane span is increased from 79 ft. 5 in. to 
115 ft. o in. and the capacity of the crane is increased 
from 75 long tons to 125 long tons. The boilers are in a 
single row, 

At Taaibos the only flat concrete roof is that over the 
auxiliary bay, the remainder being flat sloped, covered 
with protected metal deep V-beam sheeting. Main 
building and crane columns are at 36 ft. 0 in. centres. 

From Plate No. 6 it can be seen that the design as a 
whole is a combination of simple braced frame and rigid 
portal frame construction. Here the boiler house is 
being erected first, the bunker aisle obviously being the 
back-bone of the structure as a whole. 

The erection of the turbine house follows that of the 
boiler house, bay by bay, and so does not have to be self 
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Plate 5—Vierfontein Power Station. Transverse section 


supporting, all horizontal forces being transferred to and 

withstood by the bunker columns. : 
What appears to be a very peculiar form of con- 

struction at the top of the boiler house requires some 


- explanation. The Taaibos boilers are P.F. boilers each 


one evaporating 580,000 lb, of water per hour and 
weighing some 2,400 tons each including air heaters and 
economisers; by far the largest boilers ever built in 
South Africa. 

Unlike the usual boiler supported from the floor, these. 
are hung from a grid, which is represented in Plate 6 by 
the heavy beam. spanning between the tops of the box 
columns. The Taaibos boiler house columns have, 


therefore, the additional duty of carrying the boilers, the 


load on each being increased by some 400 tons thereby, 
and this point must be borne in mind when studying 
Table 1 and comparing, Taaibos with the three previous 
stations, at all of which the boilers are supported from the 
ash basement floor. This boiler supporting steelwork 
for Umgeni, Hex River and Vierfontein is not included in 
the figures given in Columns 9, 10 and 11 of Table 1. The 
two pin arch above the boiler grid provides the necessary 
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space for the withdrawal of the pendant superheater 
tubes. 

In spite of the increased crane span and load and the 
very heavy duty imposed on the boiler house columns 
this design requires slightly less steel per MW than the 
Vierfontein design. 

Before proceeding further it should be noted that one 
of the minor reasons for the greater weight of steel at 
Umgeni and Hex River is that at both these stations the 
specification called for the design to be in accordance 
with B.S.S. 449 of 1937, whereas Vierfontein and 
Taaibos were in accordance with B.S.S. 449 of 1948 as 
amended. 

Wilge No. 1 Power Station is of peculiar interest in that 
the boilers are of the outdoor type and therefore no 
boiler house building is required. Only a turbine house 
is provided, in which the generators are placed end to end 
longitudinally. The structure is a simple braced frame 


_ aS 


Colannte 2 and 3 of Table 1 shay that the ace 
of the plant at Umgeni and Hex River is the same but 
that the capacity of the generators at Hex River is onl, ly 
2/3 of those at Umgeni, though the individual capa 
of the boilers is slightly larger. This is reflected in columns 
6-and 7 which show that by using a larger capacity 
machine, less volume per kW is required in the turbine 
house, and that the decrease in the volume of the boil 
house at Hex River as compared: with Umgeni is almost 
in direct proportion to the decrease in the total boi 
capacity. 

- Column 2 shows that the ae of the na 4) 


Vierfontein. Here again Column 6 shows that t 
larger machine requires less building volume per kW but 
Column 7 shows that the single row of boilers at Taaibos 
although the individual boiler capacity is more “a 
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Plate 6—Taaibos Power Station. 


supporting a 75 ton crane with a 44 ft. 0 in. span, and the 
main building and crane columns are spaced at 30 ft. 0 in. 
centres. 

The weight of steel used is, in the long run, decided by 
three factors, namely :— 

(a) the type of design adopted, that is, braced frame, 
portal frame or a combination of these. 

(b) the volume provided to house the given plant and 

(c) the specified restrictions or conditions. 

The designer’s problem is to arrive at the most 
economical combination of (a) and (b) in the light of (c). 

The type of design is influenced to a certain extent by 


the arrangement of the plant, as for instance whether 


there are any large dead loads such as fans and tanks to 
be supported on the roofs. 

The volume of the buildings is controlled as to the 
minimum by the arrangement and the size of the plant to 
be housed, though, as mentioned before, it should not be 
the designer’s aim to provide an absolute minimum of 


volume but a minimum consistent with the easy opera- 


tion of the station. 


\ 


.different design of boiler because Umgeni and Hex River 


Transverse section 


double that of Vierfontein, requires 32 per cent. lest 
boiler house volume. This can only be due to th 


both with single rows of stoker fired boilers, have ver 
little less boiler house volume than Vierfontein® with i : 
double row of stoker fired boilers of much the same 


individual capacity. ‘| 


The structural engineer is not of course concerned witl 
the choice of type of boiler to be used, i.e. stoker fired 0) 
P.F., and is only concerned with the boiler arrangemen) 
if the deciding factor is the structural economy of thy 
boiler house. x 


If the latter were the case then his advice would b 
obvious for a boiler house accommodating a double roy 
of boilers will require less steel than one accommodatin 
the same boilers in a single row, since the same or neark 
the same design of bunker columns is required in bot! 
cases, but the single row will require twice as man’ 
columns and twice the length of roofing over the con 
veyor house above the bunkers as the double row. P 


oa # 


\s a matter of interest the space required per lb. of 
rater evaporated per hour at each of the four stations is 
j } ai ce Umgeni 3 cu. it., Hex River 2.53 cu. ft., 
/Merfontein 2.95 cu. ft. and Taaibos 2.59 cu. ft. (Pretoria 
'B” only 2 cu. ft.). 

|| As is to be expected the Wilge generators being larger 
Jhan those at Hex River, though arranged in the same 
vay, require slightly less volume per kW. 

Column 10, which from the point of view of the overall 
ost of the station is the most important of them all, 
jepresents the result of structural design controlled by 
lize and arrangement of plant and other stipulated 
‘onditions. 

| It shows that the structural design of Vierfontein 
|jombined with the changed layout of the plant and the 
|impler conditions compared with the Hex River and 
|Jmgeni is very much more economical than either of 
/hose two stations. 

| It also shows that by doubling the capacity of the 
yenerators and boilers at Taaibos further economy was 
dbtained. 

‘The figures in Column 10 do not however show a fair 
sverall comparison between Taaibos and the other 
stations because, as described above, the Taaibos boiler 
aouse structure also supports the boilers. In order to 
obtain a true.comparison the weight of steelwork in the 
doiler substructures must be added to Umgeni, Hex 
River and Vierfontein. When this is done the figures 
become 73.3 tons per MW for Umgeni, 64 tons for Hex 
River"and 43.2 tons for Vierfontein. The 28.5 tons per 
MW for Taaibos now shows a very marked advantage 
over the other three stations, which can only be due in 
the main to the very large increase in the individual 
generator and boiler capacity, and the use of top hung 
boilers. . 

From the purely structural design point of view 
solumn II is the most important, giving, as it does, the 
weight of steel required to enclose one cubic foot of space. 
[t shows that the Vierfontein design is by far the best 
rom that point of view. Even when the figures are 
amended to include the boiler substructures, Umgeni 
Jecomes 3.02 Ib. per cu. ft., Hex River 2.55 lb. and 
Vierfontein 1.58 lb. Vierfontein remains structurally 
the most economical design. It is of interest to note that 
4% the British stations shown in Table 1 only Bankside 
und Cliff Quay are of the same order as Vierfontein as 
egards weight per cu. ft. : 

- Column 12, in which the weight of steel in the turbine 
es is considered separately proves again that the larger 
he individual capacity of the generators the less steel per 
MW is required. 

This column also shows again that the simple braced 
Tame structure is more economical than the rigid portal 
tame for this purpose. 

The tonnage of steel in the boiler house structure per 


,000 lb, of steam produced is shown for each station in ~ 


olumn 13, and, in brackets, the tonnage including the 
oiler substructures, 

Here again the economical design of Vierfontein is 
lemonstrated. . 
Columns 14 and 15 have been reduced to a common 
a of £100 per ton of steel erected and are therefore in 
litect proportion to Columns 11 and 10, and consequently 
‘ive the same deductions. . 
So far all Escom’s power station buildings have been 
‘onstructed of steel. For purposes of comparison the 


ower Station, the property of the Pretoria Muni- 
ality, which is a reinforced concrete frame structure. 


ey 


res have been given in Table 1 for Pretoria “B” 
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_ It will be noted that the volumetric capacity provided 
is much the same as in the Escom stations. It will also 
be noted that there is a large saving of steel per cu. ft. 
but that nevertheless the cost of the complete frame per 
cu. ft. of volume enclosed shows little saving over 
Vierfontein and the cost per kW installed a saving of 
28 per cent. over Taaibos and Vierfontein, although the 
Taaibos figure includes the boiler supporting steelwork, 
which the Pretoria “ B ”’ figures do not. 


Each type of structure, of course, has its advantages, 
but we feel that the saving in steel and the reduction in 
cost per kW is more than outweighed by the fact that, 
other things being equal, with the steel frame structure, 
the turbine house crane girders can be made available 
much earlier than would be the case with the concrete 
structure, and this at present is a matter of great 
importance to Escom. 


As stated above there are too many variable con- 
ditions affecting the design of power station buildings to 
make it possible to draw any fixed conclusions from 
Table 1, but it does seem obvious that the fully rigid 
portal design used for both Umgeni and Hex River will 
not generally lead to the most economical structure. On 
the other hand it would appear that the Vierfontein and 
Taaibos design in which the bunker aisle is designed as a 
rigid structure forming a backbone to the remainder of 
the building, which is then designed as a simple structure 
around it, will generally require the least amount of steel 
for the greatest volumetric content, and the lowest cost 
per kW installed. It should be noted too, that the 
Umgeni type of structure must of necessity cost more per 
ton owing to the difficulty in erecting, lining up, plumb- 
ing and grouting in without the help of bracing. 

There remains the old question, “Should the generators 
be placed longitudinally or transversely in the turbine 
house ?”’ Weare satisfied that, other things being equal, 
the answer is given by a comparison of Wilge turbine 
house with that at Vierfontein. 

The capacity of the individual machines is the same at 
both stations but at Wilge they are placed longitudinally 
while at Vierfontein they are placed transversely. 

With the exception of the crane span the design of the 
two turbine houses is the same. 

It seems fairly obvious that the increase in weight of 
the crane columns and roof trusses due to the increased 
span for the transversely placed machine will be more 
than offset by the increase in weight of steel due to the 
larger number of bays required for the longitudinally 
placed machine with the consequently smaller crane and 
roof truss'span. Both buildings are designed to take the 
full wind load on one side. 

The actual figures are given in Column 12, which shows 
that at Vierfontein a 30 MW machine placed transversely 
requires 9.1 tons of steel per MW, whereas at Wilge the 
same machine placed longitudinally requires 11.3 tons of 
steel per MW to house it. 

In other words, by placing a 30 MW machine trans- 
versely instead of longitudinally there is in this case a 
saving of 66 tons of steel per machine. 

In addition, when considering the overall cost, the cost 
of the brick or other cladding must be included and the 
cladding at Wilge, excluding the gable ends will be 1} 
times as much as at Vierfontein, because the longitudinal 
machine occupies three 30 ft. 0 in. bays, whereas the 
transverse machine only occupies two 30 ft. 0 in. bays. 

The proof of the pudding is in the eating. 

To leave the purely structural aspect of this question 
for a moment, in South Africa, we consider that a station 
with longitudinal machines is not so easily operated as 
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one in which the machines are placed transversely, 


owing to the increased length of the turbine house. Take 
for example Klip Power Station where there are 12 
33,000 kW sets and four 7,000 kW house sets all placed 
transversely, and the turbine house is in consequence 
some 820 ft. long. If these same machines had been 
placed longitudinally the length of the turbine house 
would have been something like a fifth-of-a-mile; a three 
minute walk not appreciated by any shift engineer. 

There is one factor affecting the building design which 
is apt to be brushed aside as of little importance, but 
which, if not given careful consideration may add con- 
siderably to the weight of steelwork, and that is wind 
pressure. In South Africa we are not greatly troubled 
with high velocity winds. The highest instantaneous 
gust recorded was 95 miles per hour, but the highest 
average wind velocity for a single hour was only 55 miles 
per hour, which, according to the B.S. 449 of 1949, 
represents a pressure of only 12.7 lb. per sq. ft. at a 
height of go ft., whereas in the past many South African 
designers have made a habit of allowing for a pressure of 
30 lb. per sq. ft. over the whole exposed area, regardless 
of available meteorological data, thus more than doub- 
ling the bending moments due to wind, quite un- 
necessarily. 

As a result of the comparison of facts, which I have in 
this paper endeavoured to put before you, and of the 
deductions which I think have been fairly made, we have 
come to the conclusion that in order to achieve the most 
economical power station building from the point of view 
of the overall cost of the station we must :— 

(a). avoid the use of rigid portal frame construction for 
the whole building, unless, perhaps, the use of the plastic 
theory and collapse method of design will safely produce 
a considerable reduction in weight. 

(b) not preclude the use of vertical bracing. 

(c) avoid as far as possible the use of heavy roof 
covering. 

(d) avoid if possible the placing of heavy plant on flat 
roofs or at high levels. 

(e) carefully consider wind velocity to be expected at 
the site. 

(f) preferably place the generators transversely. 

(g) use plant of the highest possible individual 
capacity and lastly, 

(h) within the limits of the plant requirements and 
site conditions allow as much latitude as possible to the 
structural designer in the specification accompanying the 
original enquiry for tenders for the building structure. 

Regarding the last item my personal opinion is that the 
most economical design is obtained by calling for tenders 
for the design, fabrication and erection of the required 
structure from a number of reputable structural steel- 
work contractors, so that full rein can be given, in 
competition, to the individual designer’s ingenuity and 
experience limited only by the recommendations of 
B.S. 449, and the approval of the client. 

This is Escom’s practice and our specification normally 
reads :— “subject to these requirements, he (the 
Tenderer) is to design the work in the most advantageous 
manner, having in mind economy in weight and erection 
and general suitability for the plant to be installed in the 
buildings. Rolled steel sections or welded built up 
sections or both may be used having in mind the avail- 
ability of steel shapes and plates.”’ 


Apart from this the only initial limits we impose are 
wind loading, superimposed floor loads, crane spans and 
loads, bearing pressure, and ‘description of the cladding 
we intend to use. 


- came into the comparison. 


- Frost in his table of comparisons. 


with the other stations listed as it was oil fired and there- 


Some of the ‘‘ Musts”’ listed above are perhaps 
evident, but the justification for. their inclusion here 
that in this case they are not merely opinions but 
statements backed, it is hoped you will agree, by face 


Escom for permission to read this paper. 


Discussion ; 
THE CHAIRMAN proposed with very great pleas 
vote of thanks to Mr. Frost for his quite remarka 
review of the structural work in power stations in South 
Africa. z 
He was particularly pleased to welcome Mr. Frost 
because the meeting was one of the very rare occasions 01 
which the members of the Institution had had 
privilege and pleasure of listening to a paper by 
member of the South African Branch; and having hea 


hearty vote of thanks to Mr. Frost. 


Mr. P. PERCIVAL, after expressing his great interest im 
the paper, said it was a very difficult matter, as Mr 
Frost would appreciate, to compare stations on the basis 
of tonnage or cu. ft. per megawatt, as so many variables 
There was a great variety of 
ways of treating a building. Sometimes a station had to 
be erected within a restricted space, which meant tha’ 
plant had to be raised into the air, and we obtained 
entirely different results on that account. ; 

In his view a much better basis of comparison was 
tonnage per cu. ft., provided one was comparing like 
with like. 

Speaking as a mechanical Pee Mr. Pell 
agreed that the civil engineer and the structural engineer 
often had a very poor run at the job; but, when all was, 
said and done, the actual structure of the power station 
represented perhaps 7% per cent. of the total cost of the 
job; that was a guess, but at any rate it was less than 
10 per cent. It was obvious that the structural man ha 
rather to take a back seat, because the plant which was 
accommodated in the structure was extremely com- 
plicated and costly and, of course, costs were increasiayy 
all the time. 

The Bankside station in London was pee by Mr. 
One of the great 
loading-up factors in a power station structure was the 
coal bunker, which might be designed for 600 tons pe 
boiler or more and we should not compare that statlonl 


fore had no bunkers 3) 

Mr. Frost said he was not trying to make any com- 
parison between the South African and the British) 
stations, for he knew nothing of the latter. He had 
included the information relating to them pare as a 
matter of interest. 
; 

Mr. B. A. E. Hitey (Member of Council), referred to the 
comparisons given by Mr. Frost of volume per kW — 
cost per kW of installed plant. At a glance it would 
appear that in South Africa they were doing very well to) 
say the least, but on closer examination we must be 
careful before drawing conclusions. 

In South Africa they were not called upon to include 
electrostatic precipitators, gas cleaning plant, etc., as out. 
in the veld they could discharge the chimney emissions 
without let or hindrance. Further, in this country we 
had loading bays at eithér end of our stations to accom- 
modate the rail and road deliveries of heavy plant units. 
In the Union all was delivered by rail. 


mn in “this country. Mr. Hiley suggested com- 
| pa: ig Pretoria, on which his firm had a hand, with 
dams Hall ‘ B” Station. Both were ‘reinforced con- 
te framed structures. 
At Pretoria the building volume was 47.5, cu. ft. per 
<W of plant installed whereas at Hams Hall “ B’” 68.7. 
One was inclined to ask why. The reason was that at 
Jams Hall “ B’’ which compared favourably with other 
British stations, they included extensive offices, workshops, 
nd all amenities usually built outside the station, as 
well as two extensive loading bays and one extensive 
y, some 900 ft. by 40 ft. to incorporate the electrostatic 
ecipitators; also brick or concrete chimneys housed in 
station buildings in lieu of steel ones with guy ropes to 
steady them. If we cut all these out, we would find that 
he volume of buildings per kW of plant was comparable 
eeth that of Pretoria.’ 
On the matter of cost per kW the following might be 

| Petcresting : oS 

7939/45 (War period) 

Hams Hall“ B’’—1ist half {3.8 per kW 

Hams Hall“ B”’—znd half {5.0 per kW 

‘Tf we allowed {1 per kW for the additional work as above 
‘described these figures of cost were reduced to £2.8 and 
A per kW respectively. 
_ He compared these figures with Hex River (1950) at 
fA. 36 per kW and Pretoria (Ferro-concrete frame) 
poPrer kW. 

' The other station on Mr. Frost’s list of ‘‘ British 
ations, ” was Brunswick Wharf which his (Mr. Hiley’s) 
“firm had designed. This station was built in the bottom 
f East India Dock and on a most difficult site, as those 
ho knew it would agree. No comparison was possible 
here with any of the stations in the Union. 
He felt that the tables given should be related to dates 
of construction, since. values from 1939 in Britain varied 

f << 3 to 3% times the 1939 figures, and on an ever 
‘increasing cost curve. 
Finally, he thought comparisons should be made only 
| y remembering the following :— 
_ (a) The mechanical electrical layout requirements to 
which Mr. Frost referred. 
(2) All calculated money values on Mr. 
‘schedules should be attuned to the dates on which 
stations were built and relative costs per kW inserted. 


~ (3 ) We in Britain provided generally, more space and 
‘included two loading bays for use by rail or road. 
Plectroflters were incorporated here, and were not in- 
‘cluded‘in the Union. Chimneys were generally in- 
“corporated j in main buildings and also flues and fan gear 


‘were housed as at. Hams Hall “B”’. The Adminis- 


_ 


Frost’s 


tration and Amenity Blocks and workshops were usually _ 


: included i in the British figure. 

2 (4) Sites were difficult in Britain, whereas Africa was 

large and rarely called for piling or the use of indifferent 
‘ound. One only had to consider the Union sites with 

a London station to appreciate this point. 

(5) In Britain plans had to be submitted to the Royal 
ag Arts Commission which studied architectural treat- 
‘ment of the whole. 

. (6) Since 1939 contractors had had to cover-in their 
tenders for shortages of materials and labour and comply 
with innumerable Acts and restrictions. 


Mr. Frost said that. since hie had.been round several 


ar 


the figures give it sould he seen in Coit 5, . 
of buildings per kW of installed plant was 


Mr. ‘Hiley thanked. the author for a splendid paper. 


ag in this peeps) he had realised that they . 


ere a) PAE ot Se ‘- sae was noe tay Wee; ane ; RS. eo eh 4 Fe % wes SN Gath a, 
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included quite. a number of things, such as workshops, 


as part of the main structure, which had never so far 
been done in South Africa. 


Mr. Frost again pointed out that he had had no in- 
tention of comparing the South African and British 
stations on a cost basis, he also wished to correct Mr. 
Hiley’s assumption that South African power stations 
had no off-loading bays. They did, in fact, always have 
one, sometimes two. 


Mr. Frost also stated that the calculated money values 
in his schedule were strictly comparable as they had all 
been reduced to a common base of {100 per ton of steel 
erected. 


Mr. LEesL1e TURNER (Past-President) referred to his 
Presidential visit, with the Secretary, to the Union of 
South Africa Branch, which had kindly arranged their 
tour to most of the major works in progress in the Union. 
Around Johannesburg these had naturally included 
visits to power stations completed and under construc- 
tion. They were most impressive installations, the Klip 
Station being the largest in the Southern Hemisphere. 
Although some were approaching or had surpassed their 
originally planned size there were considerable structural 
works proceeding, in one case a large underground 
tunnel to keep pace with new ideas and to increase 
efficiency, while in another the station was in process of. 
extension incorporating some of the world’s largest 
concrete cooling towers. This was visual proof of revised 
or second thoughts on the part of electrical engineers 
and of the unpredictable growth in demand for electrical 
energy, which the lecturer had emphasised. 


It was.to Mr. Frost that he and the Secretary were 
indebted: for the visits to these imposing constructions, 


' in addition to his most generous hospitality and time 


given in other directions, particularly as Vice-Chairman 
of the Branch and later as Chairman, to which office he 
was elected at their Annual General Meeting, which he 
and the Secretary had the privilege of attending. 


It was, therefore, particularly gratifying to Mr. Turner 
to add his welcome and thanks to Mr. Frost in his capa- 
city as lecturer at Headquarters that evening, and a 
real pleasure to have listened to his detailed exposition 
of the structural work and his general theme of Power 
Station Deveiopment in South Africa. 


He had enjoyed every minute of the lecture and the 
well-informed discussion, and he appreciated, especially, 
the value of the comparative figures Mr. Frost had 
compiled relating to the structural economics of pone 
stations, 


Mr. P. L. Capper, T.D., M.Sc.(Eng.), A.M.LG.E: 
(Member of Council), expressed particular interest in — 
Mr. Frost’s remarks concerning the electrical engineers’ 
lack of appreciation of construction problems, and said 
he would be interested.to know whether in Johannesburg 
the students of electrical engineering had to do a certain 
amount on structures: That was the case in most 
universities here, so that electrical engineers should go 
forth with at least an elementary knowledge of structural 
engineering. The electrical people, on the other hand, 
had their own back on the civil engineers by insisting on 
their learning a considerable amount of electrical 
engineering ; in addition to a useful knowledge of the 
terms used in electrical engineering, such as megawatts 
and micro-henries, and so on, they must also learn 
details of the windings of electric generators, numbers 
of poles and things of that sort, which were perhaps of 
less interest to the structural engineer. 
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Mr. Capper added his fienks: to Mr, Frost for his aes 


interesting paper. 


Mr. FROST replied that he did not know whether the 


students of electrical engineering in Johannesburg did ~ 
any structural engineering training, but he imagined 


they did ; in fact, many of them had been trained in 
this country. But he believed the knowledge the 
younger ones had of structural engineering was purely 
from text-books and was not backed up by any pee 
experience of the subject. 


Mr. D. N. MircHELL (Member) said he had GE oekectcl 
the difficulties that had been mentioned, in the construc- 
tion of industrial undertakings, such as steelworks, and 
he assured the meeting that the situation was similar in 
those cases as with power stations, but he suggested 
that there were quite sound explanations. 

When dealing with a large industrial undertaking, it 
should be remembered that the industry did not have an 
opportunity to put up a new structure of different and 
more modern type very often, and that research and 
development were going on all the time. Speaking of a 
recent contract he said the work of building had taken 
about four years ; before that it had taken several years 
to plan and design. During the four years of construc- 
tion the detailing was going on ; and research was going 
on also. Part way through such a contract a client who 
wanted the most modern plant possible would learn of 
the introduction of a new type of machine, and decide 
that this should be incorporated into his plant because 
he might not-get another opportunity for many years. 

If the electrical and mechanical engineer, and also 
the client would agree that they were going to have (say) 
a 1956 plant, but not complete this until 1958, then 
there would be much less alteration. 


Mr. Frost agreed with everything Mr, Mitchell had 
said. He added that research was proceeding ‘also in 
civil and structural engineering, but he doubted very 
much whether the client or engineer would change his 
ideas in the middle of a job, even if something were then 
introduced which they had not seen before, unless it 
could be easily used without great extra cost, or unless 
it actually saved money. 


Mr. R. G. STEFANELLI, as an electrical engineer, said 
he was very pleased to hear that somebody had come to 
the defence of electrical engineers. The real answer, he 
suggested, was that the detailed layout of plant was, in 
the nature of things, a little behind the civil engineering 
construction, because the civil engineering works had to 
go in first. Often when the detailed plant layout was 
settled, the originally proposed position of, say, a cable 
tunnel, could with advantage be moved. 

It was a little surprising that ESCOM spotty 
were not able to decide on the ultimate capacity of their 
stations reasonably in advance. One would have thought 
their knowledge of the annual rate of load growth in the 
area to be supplied would permit this within certain 
defined limits ; and with this in view, it would be 
possible to lay out the station to enable due regard to 
be paid to railway facilities and the location of office 


blocks, chimneys, and so on. He was a little surprised 


that ESCOM found it rather difficult to arrive at such 
decisions. 

- Mr. Frost assured Mr. Stefanelli that it was really 
difficult to make up one’s mind about what was to be 
built. Particularly since the last war a number of new 
gold mines had come into being in the Free State, and 
they came along so rapidly that ESCOM had had great 
difficulty in keeping pace with their requirements. 


~ when che Klip station. was stunted ‘up, was 2s. 6d; 


~ Victoria Falls, the pithead price was 13s. 6d., 


_about the particular station to which he had dra 


- country. 


ton. At the Wankie Colliery, about 70 miles south | 


calorific value of the coal perie about 13,500 pia 

er lb, 
é The cost of the Klp station was round about {£16 58. 
per kW in 1936. Its capacity was about 400,000- i 
440,000 kW, The present-day costs of power stations “4 
in this country were £50-£60 per kW, which compare 
favourably after making allowances for increase: ©. 
costs since 1936. 

Mr. Watson drew attention particularly to the Brig 
down station building. Mr, Frost, he said, had quit 
rightly mentioned that the tonnage of steel in powe 
stations varied: considerably with the location, th 
arrangement and the esthetic values that were demanded, 
But the station now referred to had'brickwork to a height _ 
of about 6 ft., so that it would withstand shock fror | 
lorries; above that height the covering was made of 
asbestos-cement troughed sheeting about ?-in. thick,” 
clipped onto the building framing, and it had been in~ 
position for 14 years. A great advantage of using that 
type of covering was that if the station were widened or | 
lengthened the sheeting could be taken down and used 
again. He did not suggest this form of covering was 
applicable to South Africa, as the climatic conditions — 
there were frequently severe ; he mentioned, for example, _ 
that sometimes there were hailstones as big as eggs and 
small oranges. @ 

Another form of covering used in South Africa was | 
corrugated iron. It was rather doubtful, he said, that | 
the British Electricity Authority would accept its: use 
in power stations in this country. 

Finally, he respectfully suggested that it was well 
worth while to read and compare the reports on elec- | 
tricity supplies of the British Productivity Team which 
had visited America and the American Productivity” 
Team which had visited stations in Britain, for not only 
did they both compare the power stations building — 
volumes in the two countries, but they also reviewed the 
general position very comprehensively. 


z aR 
rd 


Mr. “Frost, confirming what Mr. Watson had said | 


attention, said it was undoubtedly a very good-looking — 
structure. Much as we should like to make much wider 
use of the asbestos-cement material, that was quite out 
of the question for buildings housing electrical plant in” 
South Africa, The heat of the sun was such that the — 
material became very brittle after a year or two, so that 
if dismantling were undertaken for extension or. other | 

purposes the percentage of breakage was usually very 
high. There had been cases of men walking over a 
roof of that material and falling through it, due to i 
brittle condition. There was also the point that the— 
hailstones in South Africa were quite large, they were 
quite likely to damage badly the roofs of motor cars, and, | 
could certainly smash all the glass in a large window, sai 4 
that the effect on cement asbestos sheets could be well 
imagined. One could not possibly afford to risk that — 
happening in a structure which housed, say, twelve — 
33,000 kW generators, and the eonsna nent possible — 
entry of a deluge of rain. x 


Mr. J. W. MerepitH (Member), who had spent five) 
years in South Africa and had met Mr. Frost there on 
several occasions both on business and socially, was glad 
of the Cpentee ey: to join in welcoming him io i 


Discussing the problem of site organisation when 
mstructing large works, he said he had had some 
perience of industrial plants such as boilers, coking 
jants, etc., which had to be built miles from anywhere, 
jid it was quite-an achievement to organise the necessary 
jbour. For example, on one occasion he was concerned 
th the construction of a coke oven plant of the value of 
? millions, and it was necessary to house and maintain 
yo Europeans and 400 natives on the site. It was 
aportant, therefore, that Mr. Frost had mentioned that 
sone of the problems to be tackled by the engineer. 

‘Mr. Meredith added his appreciation of the oppor- 
petty of hearing Mr. Frost present so excellent a paper. 
Mr. Frost agreed that the housing and maintenance 
[the men engaged in the construction of a large plant 
as really a major problem. In South Africa the 
rocedure was perhaps different from that adopted in 
his country. If, for instance, a 300,000 kW station 
lad to be built in the veld, the operating staff must be 
joused there. That meant something like 120 houses 
married quarters) and quarters for about 40 single men 
jad 300 natives. But that was not nearly sufficient 
ir the contractors’ people while on the job. Obviously, 
owever, it was not economic to build large numbers of 
ouses which would not later be required. 


‘The CHAIRMAN commented on the absence of bracing 
t the Umgeni station, for it seemed to him to be a 
tructure in which bracing would be economically desir- 
ble as*there were very considerable lateral forces to be 
esisted. There was a very heavy crane in the turbine 
ouse, which would introduce large lateral loads ; also 
he building was necessarily high, and therefore was 
able to very considerable wind forces. Therefore, he 
ould have thought it reasonable for the design to include 
racing to provide the necessary lateral stability, and in 
uct he understood that this was done in all cases referred 
in the paper except Umgeni. 

He asked whether in the case of Umgeni it had been 
‘ipulated in the general specification that the frames 
must be of the portal type without bracing, or whether 
me matter was left to the individual designers, If it 
ere stipulated that bracing must not be introduced, he 
ondered if there were any special reason, because 
therwise he would have thought that the designers 
light have been given freedom to investigate the 
lative merits and economics of a rigid framed con- 
Tuction without bracing and the alternative of a 
ntral ‘spine,’ properly braced, which would provide 
le necessary lateral stability to the whole building. If 
lis had been done, he was convinced that the “ spine ” 
esign would have shown considerable economic advan- 
ie over the rigid frame design. 

+ 

‘Mr. Frost replied that it had been stipulated in the 
eneral specification of the building that there should 
$ no vertical bracing. The structural designer had 
lerefore had no choice in the matter. 

‘Mr. Frost said that he believed the decision to omit 
srtical bracing was influenced by a desire to avoid any 
struction to high pressure pipework between the 
jiler house and turbine house, and to give a clear view 
own the firing aisle, but he pointed out that longitudinal 
facing would only be required in one bay in any case, 
id the transverse vertical bracing could be designed to 
‘ovide a minimum of obstruction in the firing aisle. 

Mr. Frost agreed with the Chairman’s remarks on the 
mtral ‘‘ spine’ type of construction and said that he 
It that the figures given in Table I proved that it was 
€ most economical design. 
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Mr. Scorr Wuite expressed his great pleasure in again 
meeting Mr, Frost and in listening to his most interesting 
talk. He had visited South Africa twice last year and 
had returned immensely impressed with the potential 
developments in the country and the high state of 
efficiency already achieved. Mr. Frost had ventured to 
remark that many engineers in England were probably 
unaware of the advance in design in South Africa, which 
might equal the best in this country. His talk had 
clearly shown where South Africa stands. 

Mr. Frost had indicated the difficulty of judging how 
far provision should be made for future supply of power. 
This could readily be appreciated if one reflected on the 
almost incredible growth of the Union during the last 
70 or 80 years. Johannesburg had developed during 
that time from a small mining town to one of the finest 
cities in the world—quite comparable with any counter- 
part in America. In the area around Vereeniging, 


- industry was developing at an amazing rate and it was 


difficult to estimate what the future demands on power 
supply would be. 

The time available for discussion having expired, 
written contributions were invited. 


The CHAIRMAN expressed very grateful thanks to 
Mr. Frost for the lucid, comprehensive and easy way in 
which he had replied to the discussion, matched only by 
the way in which he had presented his paper. He had 
provided an extremely interesting and pleasant evening, 
and the meeting was really grateful to him. 

(The meeting then closed), 


Written Discussion 

Mr. F. T. WALTon (Graduate) writes : Mr. Frost has 
stressed the importance of joint consultation between 
the several engineering services during the construction 
of a power station in order that serious misunderstand- 
ings and delays may be avoided when a sudden need 
for structural changes due to (say) electrical modifica- 
tions are introduced. 

I would like to enquire what form this consultation 
does take (or in Mr. Frost’s view, should take). Are 
formal meetings with all branches represented held, or 
does the element of casualness which typifies so many 
British sites occur ? 

We as Structural Engineers appreciate that the client 
is ‘‘ doing the paying ’’ and that we are the “ servants ”’ 
and not the “ masters,’ but if we are to be given a 
chance to produce our best designs and suggestions when 
last-minute changes are required, then some form of 
ordered consultation at which we can be fully repre- 
sented is clearly necessary. 


Mr. Frost replied: Mr. Walton’s point regarding 
co-operation between the various branches of engineering 
concerned in the building of a power station is very 
pertinent and one which has not been lost sight of in 
South Africa. When it has finally been decided to build 
a new station we call a meeting of all the engineers 
concerned to discuss the layout, plant positioning, etc. 
These meetings are repeated until everyone is satisfied. 
During the design and construction periods similar 
meetings are held as required, to clear up any problems 
which invariably arise. 

Notice of any change of plan, design or plant by any 
engineer is immediately passed on to all the other 
branches in case they may be concerned. There are 
slips, of course, but on the whole this plan works ex- 
tremely well. Such planning is particularly useful to 
the structural engineer, for without it he cannot even 
begin to produce his construction “ time ”’ chart. 
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PRESIDENTIAL ADDRESS—SESSION 1953-54 

A General Meeting of the Institution of Structural 
Engineers will be held at 11, Upper Belgrave Street, 
London, S.W.1, on- Thursday, October Ist, 1953, at 
6 p.m., when Lt.-Colonel R. F. Galbraith, M.C., B.Sc., 
M.1.Struct.E., -A.M.I.C.E., will be installed as President 
for the Session 1953-1954, and will give the Presidential 
Address. 


Institution Notices and Procedinee’ q 
| 
| 


FORTHCOMING MEETINGS 
Thursday, October 22nd, 1953 
Ordinary General Meeting for the election of members 
at 5.55 p-m., followed by a Joint Meeting at 6 p.m., with 
the British Iron and Steel Research Association and the 
Engineers’ Group of the Iron and Steel Institute, when 
Mr. J}. S. Terrington, B.Sc.(Eng.), A.M.I-C.E., A.C.G.I., 
AMef:Struct.E.j-- and Drs. jf: “M:  Hawkes;~ B.Sc, 
A-M.LC.E., A.M.U.Struct.E., will give a paper on 
“Crane Gantry Girders for Steelworks.”’ 


Thursday, November 12th, 1953 
Joint Meeting with the British Section of the Société 
des Ingenieurs Civils de France at 6 p.m. , when Monsieur 
iP? ‘Brice will give a paper on ‘ Different Types of 
Wharves and Maritime Structures recently executed 
in France.”’ 


Thursday, November 26th, 1953 
Ordinary General Meeting, 5.55 p.m., followed by an 
Ordinary Meeting at 6 p.m. hen Mr. H. C. Husband, 
Bing MECCA, M.L.Mech.E. (Member of Council), 
and-Mr.-K. H> Best, BEng: AM.1L-C.E AM. Struct-E,, 
will give a paper on “ The Reconstruction of a Soaking 
Pit Building.” 


Thursday December 17th, 1953 

Ordinary General Meeting, 5.55 p.m., followed by an 
Ordinary Meeting at 6 p.m., when Mr. W. Hamilton, 
A.M.I.C.E., and Mr. G. P. Manning, M.Eng., M.LC.E., 
will give a paper on “‘ Some Structural Uses of Aluminium 
Alloy with special reference to Domes.” 

Members wishing to bring guests to the Ordinary and 
Joint Meetings announced above are requested to apply 
to the Secretary for tickets of admission. 


EXAMINATIONS—JANUARY, 1954 


The Examinations of the Institution will next be held 
at centres in: the United Kingdom and overseas on 
January 5th and 6th (Graduateship) and January 7th 
and 8th, 1954 (Associate-Membership). 


CONFERENCE ON WELDED STRUCTURES 


A Conierence is to be held in London on November 
23rd-27th, 1953, to review present knowledge and out- 
standing problems in the design, fabrication and erection 
of welded steel structures. Details of the programme 
were published in the September issue. Information 
regarding the Conference may be obtained from the 
Secretary of the Institution. 


MACLACHLAN LECTURE COMPETITION 


The closing date for the receipt of entries for the 
MacLachlan Lecture Competition is Wednesday, March 
3ist, 1954. Particulars of the competition are as 
follows : 

1. The Institution of Structural Engineers shall 
institute a written lecture to be known as the 
MacLachlan Lecture, and to be held annually. 
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2. The subject of the Lecture may be on any aspect ¢ 
Structural Engineering as long as in every second yea 
the subject shall be confined to steel structures. 

3. Entrance into the competition for the Lecture shal 
be confined to Associate Members of the Institution | 
who are under the age of 32 years. 

4. All papers entered for the competition shall be! 
submitted to assessors to be appointed by the Cow ai 
of the Institution, and all such papers (including the 
prize-winning Lecture) shall be available for ae 
in the Journal of the Institution at the discretion of the: 
Council. 

5. No paper submitted shall have been published 6 
read elsewhere. 

6. The winner of the competition shall be required te 
present the Lecture to a meeting of the Institution a 
which he will be presented with the sum of £17 Los. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit he will receive a consolation 
award of £5. : 

8. In the event of there being no winner of the compe:| 
tition in any one or more years, whether because ne 
lecture submitted is considered to be of sufficient merit 
to warrant award, or for any other reason, the Institution 
shall transfer the above sums to the Research Fund 0 
the Institution. ¥ 


PARTICULARS OF THE COMPETITION FOR 195 | 
1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1954, 
2. The subject. of the Lecture shall be on any as 
of structural engineering. ; 
3. The work should be submitted as the script of 4 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far @ 
possible in the text ; if they are essential they should 
be embodied in appendices. Photographs, drawings 
graphs, etc., which would appear as illustrations to the 
lecture in published form, should accompany the script 
If additional illustrations would be shown as slides, ¢€ 
list of these should be included. 
4. Six copies of each Lecture should be submitted ané 
should be addressed to the Secretary of the Institution 
5. The closing date for the receipt of entries by the 
Institution is Wednesday, March 31st, 1954. 


PAPERS FOR PUBLICATION 


The Literature Committee would be glad to cone 
offers of papers for presentation at the Institution — 
for publication in the Journal. ‘| 

The following is a summary of the Committee's 
requirements relating to articles and papers : a copy 0 0 
the full conditions may be obtained from the Secret 

(x) Articles must be of an appropriate characte 
having a bearing upon structural engineering or upol 
some kindred scientific or constructional subject, ani 
must be approved by the Literature Committee. 
short title is an advantage. 

(2) Contributions must be original either in — 
matter or in presentation. Articles which have alrea 
been published or have been read to other 2 
bodies, or are carelessly prepared, will not be accept 
for publication. 

(3) The style of writing will necessarily vary with th 
individual, but authors are requested to write as plai 
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a simply. as their. sabiect will ABS Papers should 
written in the third person. 
(4) Where the subject allows, a brief introduction or 
aopsis should state clearly the purpose and scope of 
2 paper or article, and the author’s conclusions or 
ommendations should be summarised at the end of 
2 paper. 
In order to facilitate the indexing of articles for 
ference, the author will be required in addition to 
pare a short precis not exceeding 25 words for in- 
ision under the title of the paper on the contents page 
the Journal. 
(5) Llustrations are desirable where they assist in 
plaining the context or are fundamental to the subject. 
iey should not be used if unnecessary for these 
irposes. Illustrations may be either line drawings 
photographs. 
(6) Line drawings must be specially prepared for 
production on smooth white paper or clear tracing 
per, with heavy main lines and large clear lettering 
awn in Indian ink with a mapping pen. Alternatively, 
e author may submit drawings on one sheet of paper 
ith the relevant lettering on a cover sheet of tracing 
uper. 
The printed page of THE STRUCTURAL ENGINEERiis 7 in. 
ide by 10 in. deep. The drawings, where practicable, 
iould be prepared not larger than twice this size 
ith a view to half-scale reproduction. Unavoidably 
rge drawings which require reduction to one-third size 
‘less, must be specially heavy with proportionately 
rge lettering for clear reproduction. Ordinary working 
‘awings are not satisfactory. 
(7) Where photographs are submitted they should 
2 printed black on glossy paper. 
(8) MS. typewritten in double spacing should be 
ibmitted in duplicate. 
Brevity is an advantage and papers should not 
mally exceed 7,500 words in length. 


ON DON GRADUATES’ AND STUDENTS’ SECTION 
The following meetings will be held at 11, Upper 
ee Street, oe S.W.1, at 6 p.m. :— 


Tuesday, oe 10th, 1953 
Mr. J. _F. S. Pryke, B.A.(Hons.) (Graduate) on 
Underpinning.” 

pany, December 8th, 1953 
Mr. S. Turner, on ‘“‘ The Foundation of an 8,000,000 
1. ft. Gasholder.” 
Hon. Secretary: J. F. S. Pryke, B.A.(Hons.), 
sraduate), Bushcroft, Sipe Lane, Wormley, Herts. 


BRANCH NOTICES 
_. LANCASHIRE AND CHESHIRE BRANCH 


The following meetings have been arranged :— 
d ~ 

: Wednesday, October 7th, 1953 

‘Joint Meeting with the Institute of Welding, Man- 
nester and District Branch, at the College of Technology, 
lanchester, 7.15 p.m. Mr. S. M. Reisser, B.Sc.(Eng.), 
[.1.Struct. E., AMILCE., on “ Drawing Office Pro- 


sdure for Welded Designs.” 


* Thursday, October 29th, 1953 

At the University of Manchester, 6.30 p.m. Chair- 
van’s Address by Professor J. A. L. Matheson, M.B.E., 
Sc., PhD., M:C.E.,-M.1.G:E:, M.I.Struct.E., followed 
y f films, entitled, “ 750 Feet Television Mast at Sutton 
7 Idfield, » and “ Lali Bridge.” The President and the 
retary of the Institution will attend the meeting. 
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Thursday, November 26th, 1953 
At the College of Technology, Manchester, 6.30 p.m. 
Three short papers by younger members of the Branch. 


Friday, December 18th, 1953 
Annual Dinner and Dance, at the Grand Hotel, 
Manchester. 
Joint Hon. Secretaries : A. S. Sinclair, A.M.I.Struct.E.; 
17, The Circuit, Cheadle Hulme, Cheshire. 
M.-D. Woods, A.M.L.Struct.E., 58, Spring Gardens, 
Salford. 


MIDLAND COUNTIES BRANCH 
The following meetings have been arranged :— 


Saturday, October toth, 1953 


Annual Dinner, at the Botanical Gardens, Birming- 
ham. 


Friday, October 23rd, 1953 
At the James Watt Memorial Institute, Birmingham, 
6 p.m. Chairman’s Address by Mr, G. E. Marsden, 
M.f.Stract.E. 
The President and the Secretary of the Institution 
will be present on both the above occasions. 


9 


Tuesday, November roth, 1953 

At the Supper Room, The King’s Hall (Queen Street 
Baths), Queen Street, Derby, 7 p.m. Mr. E. McMinn, 
n “ Tubular Structures.” 


Friday, November 27th, 1953 

Joint Meeting with the Birmingham and Five 
Counties Architectural Association. Mr. F. J. Samuely, 
B.Sc.(Eng.), M.L.Struct.E., A.M.I.C.E., on “ Design and 
Application of Space Frames and Skin Structures.’ 

At the James Watt Memorial Institute, Birmingham. 

Hon. Secretary : L. A. Firminger, A.M.I.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 


GRADUATES’ AND STUDENTS’ SECTION 
The following meetings have been arranged :— 


Friday, October 30th, 1053 

At the Birmingham Civic Centre, 6.30 p.m. ‘‘ The 
Design and Erection of B.B.C. Television Masts,” by a 
member of the staff of British Insulated Callenders 
Construction Co., Ltd. 


Monday, November 30th, 1953 
At the James Watt Memorial Institute, Birmingham, 
7pm. Mr. V. H. Lawton, M.I.Struct.E., on “ Plastic 
Design.” - 
Hon. Secretary : H. L. Bramwell (Graduate), 139, Wood 
Lane, Handsworth Wood, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 
The following meetings have been arranged :— 
» 


~ W ednesday, October 7th, 1953 
At Newcastle. Chairman’s Address, by Mr. T. Bryce 
M.I.C.E., M.I.Struct.E. Visit of the President and the 
Secretary of the Institution. 


Tuesday, October 13th, 1953 
The Chairman will repeat his Address at Middles- 
brough. 


Tuesday, November 3rd, 1953 
At Middlesbrough. Mr. L..R. Creasy, B.Sc., M.I.C.E., 
n ‘‘ The Use of Structural Steel in Buildings.”’ 


Wednesday, November 4th, 1953 
The above meeting will be repeated at Newcastle. 
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Tuesday, December Ist, 1953 
At Middlesbrough. Mr. H. C. Husband, B.Eng., 
M.I.C.E., M.I.Mech.E. (Member of Council) and Mr. K. 
H. Best, B.Eng., A.M.I.C.E., A.M.LStruct.E., on “ Re- 
construction of a Soaking Pit Building.”’ 


Wednesday, December 2nd, 1953 

The above meeting will be repeated at Newcastle. 

All meetings commence at 6.30 p.m. the Middles- 
brough meetings being held at the Cleveland Scientific 
and Technical Institution, Corporation Road, and those 
at Newcastle in the Neville Hall, near the Central 
Station. 

Hon. Secretary : Captain O. Lithgow, A.M.I.Struct.E., 
4, Stoneleigh Avenue, Acklam, Middlesbrough. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 


Tuesday, October 6th, 1953 
Chairman’s Address, by Mr. J. C. Malcomson, B.Sc., 
M.1.Struct.E. 


Tuesday, November 3rd, 1953 
Joint Meeting with the Northern Ireland Association 
of the Institution of Civil Engineers.. Mr. Donovan’H. 
Lee, B.Sc., M.I.C.E., M.I.Mech.E., M.Am.Soc.C.E: 
(Member of Council), on ‘“‘ The Advantages and Dis- 
advantages of Structural Steelwork, Reinforced Concrete 
and Prestressed Concrete.” 6.30 p.m. 


Tuesday, December ist, 1953 

Paper by Mr. R. J.-N. Sweetnam, M.A., M.A.I., 
A.M.I.C.E. (Graduate). 

Unless otherwise stated, meetings will be held at the 
College of Technology, Belfast, at 6.45 p.m., preceded 
by tea at the Overseas League premises, Wellington 
Place, Belfast, at 6 p.m. 

Hom, Secretary : A.-H»« Ky Roberts, B:A., B.A.I., 
M.1.Struct.E., M.1.C.E.I., ““ Barbizon,’ 26, Dunlambert 
Park, Belfast. 


SCOTTISH BRANCH 
The opening meeting of the Session will be held on 
Monday, October 26th, when the Chairman’s Address 
will be given by Mr. R. H. Sharpe, M.I.Struct.E. The 
President and Secretary of. the Institution will attend 
the meeting. 


Hon. Secretary : G. Drysdale, A.M.I.Struct.E., 33, 


Union Street, Motherwell, Lanarkshire. 


SOUTH-WESTERN COUNTIES BRANCH 

The opening meeting of the Session will be held at 

Plymouth on:Saturday, November 7th, and will be 

attended by the President and the Secretary of the 
Institution. 

Hon. Secretary : E..W. Howells, M.1.Struct.E., 10-12, 

Market Street, Torquay. 


e 


WALES AND MONMOUTHSHIRE, BRANCH 
The following meetings have been arranged :— 


Wednesday, October 28th, 1953 
The Chairman’s Address, entitled ‘‘ Research Work 
in Soil Mechanics at the University College of Swansea,”’ 
will be given by Dr. A. A. Fordham, M.I.Struct.E., 
ACM... -at-Cardiff. 


Wednesday, November 4th, 1953 
The Chairman’s Address will be repeated at Swansea, 
and will be followed by discussion. 


Saturday, November 7th, 1953 
The Chairman’s Address will be repeated at Colwyn 
Bay, and will be followed by discussion. 


Seer aces Cees Shi The Structural 

_ Monday, Neoepibey 30th, 1083s 

Joint Meeting with the Institute of Welding 
Cardiff. Mr. S. M. Reisser, B.Sc.(Eng.), M.I.Struct 
A.M.LC.E., on “ Recent Developments in We 
Structures.” 2 


Tuesday, December 8th, 1953 . 


Hotel, at 6.30 p.m. at 
Meetings at Colwyn Bay will be held at the County 

Buildings, at 6 p.m. 2 
Hon. Secretary: G.  R.  Brueton, 

AMG Staict.b2=86, thes. Exchange: 


Mount “Stual rt 
Square, Cardiff. | 


WESTERN COUNTIES BRANCH 
The following meetings have been arranged :— 


Friday, October 2nd, 1953 | 

Chairman’s Address, by Mr. E. N. Underwood, 
B.Sc.(Eng.), -M.LC.E-, “M.LStruct.E—- Visit ofaas 
President and the Secretary of the Institution. a 


Friday, November 6th, 1953 : 

Combined meeting with the Institution of Civil En 
gineers. Professor A. G. Pugsley, O.B.E., D. Sc; Fes Ey 
M.I-C.E.; FUR Ae.S.~ (Vice-President), on “ Suspensiat 
Bridge Development, illustrated by some Bristol | 
Bridges.”’ | 


Friday, November 27th, 1953 

Mr. = -Scott- White, O:, BLE) CM LCrE: (Past 
President), on ““ Moving King Henry Vill’ s Wine Cellar, 
BERTONE 3 a 


Friday, December 4th, 1953 
Combined Dance at the Royal Hotel, Bristol. 
Unless otherwise stated, all meetings will be nella 
the University of Bristol Geology Lecture Theatre, 
6 p.m., preceded by tea at 5.30 p.m. 
Hon. Secretary : E. Hughes, A.M.I.Struct.E., 
Southdown Road, Westbury-on-Trym, Bristol, 9. 


YORKSHIRE BRANCH 

The following meetings have been arranged — 
Wednesday, October 14th, 1953 

Chairman’s Address, by Mr. John Dosser, M.I.C. B, 

ML Sirice, Aa: Mech.E. Visit of the Presiden 

and the Secretary of the Institution. 


Mr.-A. =); Harris, B.Sc. A. MiG. on 


Wednesday, November 18th, 1953 
al 
Concrete Beams at London Airport.” 


Wednesday, December 16th, 1953 = 
Mr. W..N. Espie, A.M.I.Struct.E., on “ The oe 
of Bulk Cement.”’ mal 


The above meetings will be held at the Great Northemal 
Hotel, Leeds, at 6.30 p.m. | 
Hon. Secretary < ; E. Wrigley, A.M.I.Struct.E., * 
The Drive, Alwoodley, Leeds. ral 


UNION OF SOUTH AFRICA BRANCH 
Branch Hon. Sécretary : A. FE. Tait, B.Sc., A.M.I. CE, 
A.M.1.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted in the City) 
Engineer’s Department, Town Hall, Johannesburg. 
‘Phone «=34-1191) Ext 9257. ¥ 
Natal Section, Hon. Secretary: E. G. ~Benne 
A.M.I.Struct.E., c/o Reinforcing Steel Co., Ltd., P: ). 
Box 49, Merebank, Durban. * 
Cape Section, Hon. Secretary : R. Stubbs, M.I. ning | 
POL Box 2602, Cape AS 
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"he Reconstruction of a 


Synopsis 


[he paper describes the problems encountered and 
fir solutions during the design and construction of a 
iwy welded steel framed mill building in a highly 
igested area at the Stocksbridge steelworks of Messrs. 
muel Fox & Co., Ltd. 

The structure comprises a 70 ft. span crane gantry 
) ft. long for two vertical ingot chargers, roofed over 
d having a central high level roof structure housing 
vicing cranes for the chargers. 

Erection was carried out above the old soaking pit 
ilding and through the. existing mill roofs without 
erference with continuous steel production below. 


Soaking Pit Building™ 


; H. C. Husband, B.Eng., M.I.C.E., M.I.Mech.E., M.I.Struct.E. (Member of Council) 
and K. H. Best, B.Eng., A.M.I.C.E., A.M.L.Struct.E. 


structure entailed further design problems, the solutions 
of which are outlined. 

Mention is made of the foundation work for the main 
building and for the new soaking pits. 


Introduction 


Samuel Fox set up a wire drawing business in the 
South Yorkshire village of Stocksbridge in about 1840. 
Since: that time almost continuous development has 
taken place with the result that to-day, the firm of 
Samuel Fox & Co., Ltd., a branch of The United Steel 
Companies, Ltd., is one of the principal producers of 
high-quality alloy steels in the United Kingdom, employ- 


Fis. 1—Old soaker gantry 


An account is given of the factors influencing the 
lal unusual design which makes use of heavy portal 
ames* and Vierendeel girders, and the erection pro- 
dures are described. 

The Control Room, spanning go ft. across the new 
akers and carrying live loads from the pit super- 


*Paper to be read before the Instiutution of Structural Engineers 
11. Upper Belgrave Street, London, S.W.1, on Thursday, Novem- 
y 26th, 1953, at 6 p.m. 


ing over 6,000 workpeople. The steelworks are situated 
in the narrow and steep sided valley of the River Little 
Don, about ten miles from Sheffield, and development 
over the years, with these limitations of space and under 
varying conditions of production, has resulted in ex- 
tremely congested areas. coe 
The Billet Mill was established on its present site in 
1905 and is steam-driven, while the reheating of ingots 
prior to rolling has been carried out since that time with 
very few modifications in the existing coal-fired soaking 
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pits. Whilst the mill is considered to have many more Se : 


years of life, the soaking pits had so deteriorated, the 


original cast-iron casings being cracked, burnt and_ : 


generally useless, that the cost of repairs and main- 
tenance, together with a most extravagant consumption 
‘of best quality coal, were factors which influenced the 
management’s decision soon after the end of the war to 
install sets of new soaking pits. The two ingot chargers 
serving the old pits together with the gantry and roof 
structure had similarly deteriorated, so that a complete 

replacement was required. Reconstruction would 


_ soaking pits, and this building was therefore require 


spanning across roof legs from the gantry at 
end, whilst at the opposite end, cover was - 
provided by two 60 ft. span roofs, these running 
right-angles to the soaker gantry and being extens t 
of the Billet Mill roofs. _ ae 
- Two Priest continuous furnaces are sited within 
steel-framed building on the west side, connecting 4 
right-angles with the old soaker bay. Hot ingots ari 
extracted from these furnaces before charging int 


' 


to be maintained in the final scheme. abe : 


cC/H1PPIN 
BAY 


“tequire to be carried out at.the existing site owing to 


limitations of space. 


Existing Conditions 


Fig. 1 gives a general view of the old soakers from the 
north end of the existing shop, and the general poor 
condition of the pits and gantry structure is illustrated. 
Continuous trouble with the crane tracks, which had 

_been known to move as much as six inches, had been 
experienced for many years and the presence of various 
stiffening members and backstays, interfering with the 
safe operation of the chargers, was one of the many 
difficulties experienced during reconstruction. 

A general site plan showing the existing layout with 
relation to adjacent shops and railtracks is given in 
Fig. 2, and it will be seen that the crane gantry serving 
the old soakers was sited on a roughly north-south axis, 
running up to a retaining wall at the north end. This 


e : gantry was roofed over for the whole length, the trusses 


girls 
EN 


. Fig. 2.—Location of site 


‘by important traffic. 


The area of the soaker bay was thus enclosed by 
adjacent buildings on both the east and west sides and 
at the north end by a retaining wall. At the south end 
the works yard was crossed by several rail tracks leading 


into the mill and these are occupied almost conn a 


The existing soakers were hand-fired through the tops 
of the fireboxes and ashing out was done from a pit 
(known as the soaker cellar) some nine feet below general 
yard level on the west side. The flues from each pit 
were taken away on the opposite side, passing through 
a set of waste heat boilers before connecting to three 
go ft. high steel chimneys. ecg eat: $e 
' Numerous culverts and drains crossed the area and 
there was a considerable number of cables and service 
pipes, both above and below ground. 


Design Requirements : 
The required layout is shown by Fig. 3 from which it 
will be seen that a battery of six new producer gas-fired 
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pits were proposed, sited opposite the existing soakers 
- in the area then occupied by the flues and waste héat 


boilers. The precise locations of these pits were actually 


~ arrived at after a detailed site survey and the subsequent — 
determination of the stanchion centres for the new ~ 
~ building is described below. A second battery of pits 
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Fig. 4.—Sketch of new structure = 


_ was to be installed on the opposite side after the com- 
pletion and satisfactory operation of the first. battery. 


- This would permit the removal of the old soaking pits 
with no interruption to the reheating and rolling of 
ingots. Finally, central ingot bogey tracks and transfer 


= tracks were to be provided running from the Priest 
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Fig. 5.—Site splices in main frames 


- continuous furnaces between the batteries of pits to the 

~ cogging mill end, 

: The level of the bottoms of the new pits was to be 
closely comparable with that of the old soakers, thus 


~ enabling the new ingot chargers when installed to serve 


both the old and new pits during the necessary trial and 


_. changeover period. 


area 


“main building, | wer 
_ Engineers in 1951, when the scheme was_ 


lined gas mains serving the new soaking pits from gas” 


ral design problems 


which were presente 


tioned, were briefly as follows :— 


1. A 70 ft. span crane gantry to accommodate { 
5-ton vertical ingot chargers each equipped with 


a - -HALF PORTAL 
(I | F FRAMES. 


MAIN PORTAL 


FRAMES, 


20-ton auxiliary hoist was to be provided suitably _ 
disposed above the new soaking pits. mS — 

2. Hand-operated cranes to service the chargers were © 
to be provided at high level in parking bays at each en - 
of the gantry. | : a 
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Fig. 6.—Base details | 


3. A monitor type roof was to be provided, with larg 
ventilators and adequate access for maintenance. ‘ 
4. Provision was required for the support of brick-_ 


e- 


machines which were to be located adjacent to the 
retaining wall at the north-west corner of the building. ae | 


i tended to Pun belo of 
subsequently re-sited at 
essrs. Fox wished to have a modern building of 

es, preferably of welded construction. In view 
dust and fumes which would exist in this location, 
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Fig. 7.—Roof detail 


attice 
voided as far as possible to prevent excessive lodgment 

-and permit easy painting and maintenance. 

e entire structure was to be erected through and 

the old roofs with no interruption to the continu- 

ation of plant below. The mill would shut down 


girders and triangulated roof trusses were to be ~ 


/ 
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only for the short Christmas and Easter holidays arid 
for the annual works stop period during the simmer. - oi 
_ 7. Erection was to commence during the summer of 
1952, and the dismantling and replacement of the 
existing cranes and gantry by one of the new chargers, 
followed by trials and the changeover to the first battery 


Fig. 8.—North gable part completed 


of new soaking pits, was to be programmed for the 
works stop period at the beginning of August, 1953. — 


Survey and Site Investigation 


No accurate plans of the area existed nor were com- 
plete records available of the flues, culverts and services — 
below ground, and apart from the Priest furnace build-_ 
ing, which is a relatively recent structure, there were no 
drawings or details of the existing roofs. ae 

A comprehensive three-dimensional survey was there- 
fore carried out and although considerable difficulties 
were imposed by the general congestion, and lack of 
sight lines, together with the almost continuous traffic 
of hot ingots about the area, an accurate result was ~ 
obtained. This accuracy was of great value, enabling 
the new structure and erection procedures to be planned 
on paper with no difficulties from dimensional errors 
arising during the subsequent construction. 


Fig. 9.—Gas Mains _ pie 


Previous excavation for foundations in this area had 
shown the presence of a bed of hard shale dipping from. 
north to south towards the river. Trial holes were put 
down in the south-west corner of the area, adjacent to 
-the site of an old dam and the original river bed, which 
were filled in when the river was diverted and the yard 


level rated Here ihe’ shale hed was ag eee at some. tees ee 


16 feet below ground level, below filled material, silt 
and soft clay. It was decided that all the major loads 
could be founded without undue difficulty on the bed 
rock. 


e 


Development of Design 


It was obvious at the outset that very few locations 
would be available for structural supports to the ground, 
since these would require to have adequate clearance 
from all railtracks and plant, and to be sited to permit 
_ the retention of the existing buildings and crane tracks 
until completion of the new shop. 

Thus one of the chief features of the design was to be 
the spanning of the heavy crane girders and roof struc- 
ture over relatively large distances. From this con- 
sideration, and having in mind the required profile, with 


Fig. 10.—Frame base in soaker cellar 


the provision of clear openings for vertical ventilators 
in a large monitor roof, the general scheme developed 
into the structural form illustrated in Fig. 4. It will be 


seen from this sketch that with portal frames spaced at. 


_ wide intervals and carrying the crane girders, the support 
of the roof structure is shared between continuous 
_ Vierendeel girders spanning across the tops of the frames, 
_ and longitudinal girders situated alongside the crane 
- girders. Thus the high level jack roof is supported 
across the top booms of the longitudinal Vierendeel 
~ girders, while the lower roof and side sheeting is carried 
by half portals connected between the lower booms of the 
_ Vierendeels and the top flanges of the side girders. In 
_ this way the required profile was obtained, and the 
‘other conditions fulfilled, with a complete absence of 
unsightly secondary members across the roof space. 
In order to obtain lateral stability for the high level 
roof, it was decided that this structure would be designed 


as a series of portal frames, the verticals of which would 
- be combined with the intermediate posts of the Vierendeel 


girders, suitably stiffened in the direction across the roof © 
span. The end bays at each end of the building were 


ee _ designed to support 3-ton hand-operated servicing cranes 


for side wind forces and to restrain the AoWER. ‘boom 
the Vierendeel girders against the outward thrusts ae 
the jack roof portals. 


Siting of Main Frames 


Having decided on the general structural arrangeme 
it was necessary to investigate and determine 
locations for the main frames, so that the detailec 
design could be carried out. 

A preliminary investigation had suggested that thes 
would be spaced at intervals of the order of 100 feet 
more, but it was considered that such large spans wo 
greatly increase erection difficulties having regard to 
probable size of girders and the available access to 


site. Apart from the question of maintaining clearances 
to existing plant and rail tracks, further difficulties w 
imposed by the extremely limited space available for 
accommodation of the two new batteries of soaki 
pits. This limitation meant that the required number 
of pits would need to be spaced at close intervals 
it was originally thought that this might preclude ‘the| 
siting of any building foundations within the areas thus 
occupied. However, by disposing the soakers at 
absolute minimum centres to permit operation of 
covers, it was finally made possible to site one of t 
frames within the area of the new soakers. ¥ 
The siting of the main portal frames and their found 2 
tions which was finally adopted is illustrated in Fig. 
and it will be seen that a symmetrical arrangement was 
obtained, there being two end spans of 67 ft. 6 in., a 
two interior spans of 56 ft. 3 in., with a common d 
nominator.of 11 ft. 3 in., for the spacing of the in 
mediate roof frames and the verticals of the Vierendee 
girders. This arrangement was the outcome of ve 
considerable investigation by trial and error, propo 
being set out on paper followed by a closer inspectio: 
conditions at site, until the ue ea with the. jeaskay n 


problems, e.g., two were in the old soaker 
e was within the area of an existing chimney 


ce of any intereference with steel production during 
truction. Consideration was given at this time to 
ie question of possible fixity at the bases of the main 
ortal frames, and it was decided, in view of the small 
pace available in each position that it would not be 
ible to provide satisfactory fixed ends. Rocker 
ts were therefore adopted and these were established 


—— _ EXISTING FLUES. 


———-— DIVERSIONARY FLUES, 


CHIMNEY "C’ RELEASED G RE-SITED: 


which level is some three or four feet below the existing 
shop floor and yard. The foundations generally con- 
sisted of mass concrete blocks taken down to the rock. 


Main Frames 


_ The main portal frames, which were analysed by 
strain energy methods, consist of 21 in. wide flange plates 
varying from 2 in. thick to $ in. thick with a 4 in. thick 
web plate. Above crane girder level the depth of the 
section is constant at 3 ft. 6 in. with a radius of 4 ft. 6 in. 
for the curved knees, while the tapered legs vary from 
overall depths of 4 ft. 6in. at the crane brackets to 
2 ft. 6 in. at the bases. The flanges are welded con- 
finuously to the web using # in. fillets and 4 inch flat 
stiffeners are provided. ‘The site splices were detailed as 
hown in Fig. 5, and illustrated in Fig. 13 and were 
designed to permit accessible downhand site welding 
for the single vee butt welds in the flanges. 
_ The detail of the bases of the frames is given in Fig. 6. 
[t will be seen that the rocker type of seating is provided, 
the radii of the machined bearing surfaces on the base- 
plate and frame leg being 20.75 in. and 20 in. respectively. 
eeper flats were welded to the end plate of the frame 
as shown. The bearing surfaces were greased before 
ction and where the bases were situated below the 
inal ground level, brick pits were constructed, filled to 
= above the bearings with a flexible bituminous 
£4 


mpound. The frames were then sheathed by ex- 
ansion jointing to ground level and the remaining 
ice filled with concrete. 


i. Crane Girders ; 
Since all the main frames were founded on the same 
ale bed no appreciable differential settlements were 


tie Na 


ipated and it was accordingly decided that the 


ee 
mend 


found. Although all these locations - 


ther directly over the intersection of two culverts, 
atrangement was subsequently justified by the 


e level of the bottoms of the new soaking pits, 


Fig. 11.—Diversion of flues — 


lining up the rails. 


with site welded joints over the supports. bp tie 
These girders are 6 ft. 6 in. deep with single continuous 
flange plates, 24 in. wide varying in thickness from { in. 
torgin. The }in. thick web is stiffened by intermediate 
6in. X 5 in. and 6 in. x 4} in. R.S.J.’s with 4 in. flat 
stiffeners provided at the supports, where a stepped joint 
site splice was provided, similar to that for the main 
frames. ee 
Consideration was given in adopting working stresses 
for the design of the crane girders to the question of 
fatigue strength. Useful information in this connection 
was obtained from the Report of Committee 15—Iron 
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and Steel Structures of the American Railway Associa 
tion (published in Bulletin 489, October, 1950). 

Further welded plate girders are provided, spanning 
between the webs of the main frames, and situated 
alongside the crane girders. These are designed to 
carry their share of the roof loading from the secondary 
“half portal’’ frames, together with the heavy loading 


. from thé gas mains which were finally sited centrally 


above the eaves gutters as shown in Fig. 9. These 
girders are 5 ft. 6 in. deep with 2 in. and $ in. thick webs 
and flanges varying in thickness from 3 in. to I4 in. 


Stiffeners consist of 6 in. X 3 in. X in. and 5 in. x 
3 in. x #in. angles provided with end plates to enable © 


longitudinal welds at the junction with the main flanges, 
The top flanges of the crane girders and the roof 


girders are at the same level, and are connected by a ~ 


braced girder and chequer plating, the whole system 
providing the necessary lateral resistance to crane surge 
and wind. Thus a generous access and maintenance 
walkway is provided for the cranes, this having 3 ft. 5 in. 
clearance between the main frames while the crane 


clearance at the main frame positions is 12 inches. A — 


further chequer plated walkway is provided at the level 
of the lower crane girder flange and the space or “ tunnel’ 


between the two girders provides a convenient and 


accessible duct for cables and other services. 


The crane rails are of 110 lb. per yard solid section 
and are fastened by clips, machined to the profile of the 


lower flange of the rails and riveted to the crane girders - 


with no ‘clearance. The clips were delivered to site 
undrilled, the holes being marked off and drilled after 
Rail joints were scarfed at 45 degrees 
and Thermit welding was carried out at site before 


fastening down. The chief factors for consideration in — 


this connection were the maintenance of accurate line 


-¢rane girders would be designed as continuous spans 
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cranes with a consequent relatively high degree of wear. 


Roof Members 


The Vierendeel girders span continuously across the 
tops of the main frames and are relatively lightly 
loaded, although provision is made for the 3-ton servicing 
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Fig. 12.—Siting of erection crane 


cranes. The spacing of 11 ft. 3 in. which was adopted 
for the intermediate posts was maintained for the 
ites spacing of the verticals and an 18 in. x 6 in. R.S.J. 
section was finally adopted for the chords and verticals. 
It was considered that the small economy which might 
_ have been obtained by varying the sections for these 
girders would be offset by the loss of standard-sized 
openings for ventilators together with poorer appearance. 
Stepped joints in the booms were adopted as site 
joints, positioned in the panels immediately adjacent to 
the supports, and the actual locations of these were 
finally settled after erection methods had been estab- 
lished. ; 
The jack roof, spanning 37 ft. 6 in., is composed of 
-toin. x 5 in. R.S.J. cranked beams and split 15 in. x 
» 5 in. R.S.J.’s tapered: from 10 in, to 5 in. were shop- 
welded to the webs of the 18 in. x 6 in. R.S.J. verticals 
of the Vierendeel girders to provide the vertical legs of 
_. the portal frames. The knee joints, fabricated out of 
-... rolled sections were also shop-welded to the main 
girders and a bolted site connection with the rafter 
_ beams was provided. This detail is shown in Fig. 7. 
~The, lower roof members were composed of “ L’”’- 
shaped Yo in. x 5 in. R.S.J.’s with a curved knee joint 


with smooth running joints, and easy replacement ina a 
situation where there would be continuous operation of — 


- a3 ft. 6in. wide access walkway at high level, whi 
- vertical legs were bolted to the top flanges of th 


_ it was considered that a rigid form of roof deck would 


-major part of the east side. The final layout of t 


legs were cantilevered 4 ft. inside the buildin 


plate girders. The roof slopes are almost flat, and 
view of the’ traffic which was anticipated during th 
erection of the gas mains and subsequent maintenance 


desirable, and 22 g. R.P.M. V-beam sheets were adop 

The gas mains, which are brick-lined steel tub 
varying in outside diameter from 8 ft. to 4 ft. 6 
supply producer gas to both new batteries of soa 
pits and to the two Priest Continuous furnaces. “ 
are thus disposed along the whole length of the west si 
of the building, across the north gable and along t 


mains and the decision to locate them above eaves 
was only possible at a relatively late stage but 
necessary modifications were effected without se 
delays to the fabrication and erection programmes. 
method of supporting the mains is shown in Fig 
and 9. cag 

In order to provide sufficient parking: space for thi 
chargers at the north end of the shop it was necessary t() 
cantilever the crane girders and roof girders for ¢ 
distance of 11 ft. 3 in. beyond the last main frame a) 
this end. No space was available for putting d 
supports for the gable framing here, owing to thi 
presence of boilers and other plant in the area below 


ig /7/52 
Pig. 13:=-Fvection of athaln drarnecmeen 


and it was decided to design the north gable frame as @ 
deep lattice girder spanning between the cantilevered 
ends of the crane and side girders. Owing to the 
presence of the large jack roof the gas mains had to be 
cantilevered out from this girder, supported on hori- 
zontal tie beams with raking struts taken back to the 
verticals of the gable girder. It was necessary t 
stiffen the bottom boom of this girder against the 
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S pro at crane girder level across the 
ecting the two longitudinal crane access 


ve 
ther 
connecting the longitudinal jack roof walkways 
there is interconnection between these, the crane’ 
ays, and the external system giving access around 
above the gas mains. 


Ep Construction of Foundations 
Work was commenced on the foundations on Christ- 


nponents from the rakers and thus abraced 


lecking is provided across each gable at high 


ale 
" 


underpinned. ; 


In order to construct the foundations for the new 
soaking pits on the east side and for the frame legs in 


that area, it was necessary to divert the flues from the — 


existing pits. 

Originally, the five flues from the existing soakers were 
taken to three chimneys, two of which received two flues 
each while the remaining flue was taken to the third 
chimney. This arrangement can be seen in Fig. 3. Of 


“out cellar immediately in front of the soaking pits were 
onstructed up to the cellar floor level. 


_ .Excavation commenced at noon on Christmas Eve, 
when the soakers were still hot and the work completed 
at 6 a.m. on December 27th, when firing was commenced. 
“The level of the base plates to the main frames is approxi- 

mately 1 ft. 6 in, above the level of the existing soaker 
cellar and in order to avoid interruption at this stage to 
the ashing out of the soakers, these two foundations 


ere not constructed up to the final level. A dove- 


for the holding down bolts, and after filling up the recess 
h sand, the floor slab was replaced together with the 
ks for ash skips. These bases were subsequently 
mpleted soon before erection commenced, after certain 
odifications had been carried out to the fire doors of 
‘the two pits concerned to permit their continuing 
‘operation after erection of the frames. Fig. 10 shows 
one of the completed bases with the frame leg in position, 
The existing soaker fireboxes can be seen in the back- 
ind and also visible is one of the sheet steel covers 
ch were provided to protect the foundation and 
of the frame from the heat, fumes and dirt. 


The other foundations were able to be constructed 
uring normal production periods although in almost 
ry case difficulties were presented. Underpinning 


Fig. 14.View from the north on August 6th, 1952 _ 


iled slot was provided in the concrete, with provision © 


G- B+ $2. 


these chimneys, two were to be required in the final lay-_ : 


out sited together with a single new waste heat boiler 
about 50 feet away from their original position. 


scheme was evolved which enabled the old flues to be 
diverted in stages so as to maintain full time operation’ 


of the soakers. The various stages are illustrated in 


Fig. 11 and briefly, the system was first to release the 
single flue chimney and to move this to a temporary _ 


position inside the mill. Diversionary flues, collecting 


‘waste’ gases from three of the five soakers were then . 


constructed connecting to this stack and the changeover 
was made by working continuously at a stop period. 


Similarly a temporary stack was erected on the west — 


side to receive the diversionary flues, which reversed 
their original direction, from the remaining pits. 


diverted with the area of the new soakers clear for 


excavation and with two chimneys available for re- — 
siting. Before the stacks were moved to their new 
positions the brick linings were removed and the upper- 
most plate sections taken out to improve stability 


during movement, and to allow the one chimney to pass 


below an existing valley beam into its temporary position 
There was only one possible location — 
for this particular stack and this was to give rise to some . 
further difficulties during the construction of the Control — 


inside the mill. 


Room, which had to be overcome at a later date, 


‘Phusp* 
after the Easter stop week-end of 1952 all flues were 


° 3 i f 
fois ey. 
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_ of adjacent foundations and modifications to rail tracks 
-and adjacent structures were usually necessary. One 
of the foundation blocks was constructed below an 
existing steel chimney, the base plate of which was 
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_ shown in Fig. 12. 
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All ie. foundations fot ‘is main 'Guilding were a es 
~ completed according to programme in the early summer 
The setting out of the frame centres and | 


of 1952. 
holding down bolts was a somewhat difficult operation 
' requiring extensive use of the theodolite and numerous 
geometrical expedients to overcome the almost complete 
absence of sight lines and general obstructions. These 
operations were successful and there were no subsequent 
troubles from misalignment. 


Erection of Main Building 


A schedule of weights and dimensions’ of all the 


principal items of steelwork was prepared at an early 


Fig. 15.—View from north-east on August 15th, 1952 


‘date and site meetings held with the erection contractors. 


One of the first conclusions reached was that it would 
be desirable to lift the main stanchions and girders down 
through the existing roofs from above, especially in the 
important area at the north-east corner, adjacent to 
the Cogging Mill and crop end shears. The handling 
of 70-ft. long girders into the mill at this area and lifting 
up from the shop floor, whilst not impossible, would 
certainly increase the risk of interference with pro- 
duction. A further important factor was the level of 
the crane girders which fortunately was above that of 
all the existing valley beams so that when lowering into 
position from above. it would only be necessary to 
remove sufficient sheets and purlins as to provide a 
- narrow slot in the line of the girders along the roofs. 
Thus, it was decided to provide a 120 ft. jib 15-ton 
scotch derrick erected on gabbards 40 ft. high. 
Consideration was next given to the siting of the 
derrick, and there appeared to be two alternatives, one 
- being somewhere in the relatively open area between 


: ie the old building and the Electric Steel Plant, and the 


_ other in the similar area adjacent to the soaker chimneys 
- at the south-east corner. The lifting range of the 
derrick was investigated for both locations, making use 
of a cardboard template on the } in. scale survey plan 
and the finally selected siting at the north-west end, is as 
The factors which influenced the 
decision are as follows :— 

- 1. The greater and more difficult part of the structure 
_ from the erection viewpoint, would be covered by the 

crane. 


2 Fox’s own steam cranes. 


where the rail tracks passed through shops or below PPS ; 


“sidered desirable that these girders should be delivered — 


vertical position during selected periods of minimum — 


end which v was out of range Siac be handle by ¢ 


poles without undue difficulties. 


3. The larger number of accessible rail tracks i in th 
area suggested that some use could be made of Messrs, 


4. The alternative site would in the near faba 
required for the construction of boiler foundations 2 
flues. 4 

Access to the site for the steelwork was also a matter 


scotch derrick was miflucaece by the necessity for the j jib b 
to cover the rail track running =o the Electric Steel 
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Plant into the mill. The nearest areas available fa 
stocking the steelwork were selected at various points | 
up-works and it was necessary to carry the heavy items _ 
down to the site by steam crane, as and when required i 
for erection. The somewhat tortuous routes to the site | 
were investigated to check clearances and head room 


Ss ay 


gantries, etc. 

Special consideration in this connection was given im 
the large Vierendeel girders. These were 12 ft. 6 in. 
deep overall and while the booms were only 6 in. wide, — ; 
the shop-welded legs of the jack roof portals with the — 
projecting stubs of the corresponding rafter members _ 
increased the overall width to 4 ft. 6: in. It was con- i 


to site and erected immediately i in such lengths as vould 3 
span between the main frames, since there was in- 
sufficient space adjacent to the site of the crane for thal 
setting up and welding of smaller units prior to lifting. - i 
Nor did this operation appear possible without undue — 
interruption to rail traffic in the area. Thus the longest — 
length of girder, which included the cantilever portion, — 
was about 80 ft. British Railways were unable to deal ul 
with a girder of these proportions but it was found that — 
road transport from Scunthorpe would be possible, and — 
this was arranged. The girders were offloaded at the 

works by two steam cranes and carried to the site in the 


traffic. Since they were extremely slender laterally, r 
temporary stiffening was introduced, and the greatest — 
care had to be exercised during carriage to the site and — 


ae 
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ed for Messrs. Fox’s “‘stop week’’ in August, 
, although it was intended that erection would, if 
ible, commence before this time. Accordingly, the 
lerrick and the gabbards were delivered to site 
e and erection of these items commenced during 
month. The finally selected position for the crane 
ed the siting of the king post for the derrick 
nediately in front of the existing soaking pits over 
- ashing out cellar. The roof of this cellar was 
posed of steel joists and floor plates spanning between 
outer wall and the front castings of the soakers. As 
been mentioned, the pits were in very poor shape, 
this existing steelwork, in addition to supporting 
hop floor over the cellar, was buttressing the front 
ugs which were badly out of plumb. It was 


king post gabbard and this was arranged to avoid 
imy possibility of load on the casings to the existing 
kers. The remaining two gabbards weie constructed 
n0ut difficulty although some modifications were 
essary to adjacent roof stiuctures. 
orm of 50 cwt. ingots was provided, and from time 
ime duting erection, as special casts were required, 
sertaim-ingots were removed for rolling and replaced. 
tion of the gabbards and crane was completed in 
weeks and by July 16th, 1952, the three com- 
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ments of the first main frame at the north end had 
n erected and site bolted. Fig. 13 shows the hori- 
tontal member of the portal lifted into position with 
e bolting in progress at the stepped joints. Also 
is the slot provided through the Billet Mill roof to 
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Rig, 17.—Sketch of Control Room structure 
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Fig. 16.—Erection of frame leg by steam cranes 
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permit the lowering of the crane girders. The main : s 
frames, crane girders and roof girders were then erected 
in sequence from the north end, and there was good 


progress during the first week in August, this being the — 


works stop period when there was relative freedom for 


the carriage of cece to the site. 


have been erected with the crane girders. 
steel chimney receiving the diverted soaker flues can 
be seen in the left foreground, while the remaining stack 
of the original three is shown. in process of dismantling 
prior to re-siting with the new waste heat boiler. The 
longest Vierendeel girders were delivered by road during 
this period and erected successfully. 


Fig. 15 shows the situation at August 15th, approxi- 
mately a month after the commencement of erection. 
Here, four of the five main frames have been erected 
with the Vierendeel girders and this photograph illus- 
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August 6th may be seen from Fig. 14 where three frames _ 
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members over as far as the range would permit, a 
final lifts were carried out jointly by the main derm 
and a steam crane lifting at each end of the girders. “ 
most difficult operation was perhaps that required for 
erection of the crane and roof girders for the end spai 
at the south-west corner, i.e., over the Priest continuou 
furnaces, and out of range for the scotch derrick. T. 
two furnaces were roofed over and this roof would fina 
join up to the new shop. At ground level, the spa 
between the two furnaces was occupied by a rail tre 
used continuously for the shunting of ingot cars, 
by the ingot -bogey transfer tracks for the furn 
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Fig. 18.—Cross section through Control Room 


trates the limiting range of the scotch derrick for direct 
lifts. The secondary roof members in this area were 
dealt with by the crane, but care had to be exercised to 
ensure the correct sequence to enable the jib to be 
lowered sufficiently to obtain the future long-range lifts. 
Thus the span of Vierendeel girder on the west side 
_immediately opposite the scotch derrick was left out 
until the completion of all the lifts-on the east side. 
This meant that the erection of the roof, which originally 
had been intended to proceed from north to south in 
sequence, was slightly interrupted. All the heavy 
longitudinal members, including the Vierendeel girders, 
_had been arranged with site splices to suit this sequence, 

but it would in fact have been better to have arranged 
the joints in the west side Vierendeels to permit the 
~ insertion, as one of the last operations by the crane, of the 
section immediately opposite the king post. However, 
the erection of items by the crane proceeded sufficiently 


quickly to avoid any delays to the overall programme. 


The end portal frame at: the south gable was erected 
entirely by steam cranes working from the adjacent 


which would transfer the lifts from the main crane 


‘decided to “ float ”’ 


conjunction with the main derrick crane. 


There was also a 5 ft. diameter gas main running below 
and parallel to the line of the new crane girders. These! 
girders could not therefore be handled up from below 
and at first sight it appeared that a derrick pole would be| 
required situated between the two continuous furnace: 


This idea was, however, rejected on account of possible 
interference with ingot traffic below and it was finally 
the girders across from the north 
over the adjacent crane girder span, making use of the 
scotch derrick in conjunction with tackle fixed to the 
Priest furnace building, until the position was reache et 
when the ends were accessible to steam cranes in the 
works yard. Fig. 16 shows the situation immediatel 


after the erection of the frame leg at the southyal 


corner. The roof girder can be seen lashed back to the 


Priest furnace roof and held at the other end by the 


scotch derrick: One of the steam cranes was: subs e- 
quently released from the frame leg and used to pick uf 
the end of the roof girder and erect this in position 
Ay dei 


* 


ocation being possible. 


rected, and the “‘ filling in” of secondary roof 
mbers with purlins and sheeting rails was continued. 
cotch derrick was dismantled at the end of Septem- 
nd removed from site. 


Soaking Pit Foundations 


Beeavation to a general level for the first battery of 
new soaking pits was commenced soon after the old 
had been diverted and the site cleared, but the 
A 1 plant details were not settled until September, 

when the foundation drawings were issued to the 
ntractor. These foundations were finally completed 
the beginning of May, 1953, although the installation 


fore that date for three of the pits, together with the 
ebrick linings to the flues. The loads from the new 
aking pits, which are brick-lined and encased by steel 
ating, are taken by a row of R.S.J.’s below the bottom 
ating to a reinforced concrete slab, 1 ft. 10 in. thick, 
cluding a top layer, 6 in. thick, of refractory concrete. 
1 the important foundations adjacent to the soakers, 
pecially those for the main building, were similarly 
otected by a 6 in. layer of refractory concrete. The 
ix adopted was one of crushed firebrick, grog and 
aminous cement in the proportions of 3 :2:1, and 
st cube results showed an average crushing strength 
5,000 Ib. per sq. in. at two days. Separate mixing 
ant was used for this work and care was exercised to 
‘oid contamination with Portland cement. 
Certain underpinning work was again necessary, 
ticularly in the area of the adjacent Cold Bay where 
e gable stanchion carrying the end of the crane track 
this shop was temporarily supported and the existing 
undation removed to permit the construction of the 
$ main downcomer bases. Subsequently an additional 
ft. length was spliced to this stanchion, which was 
ly. founded at the lower level. A further difficulty 
this area was the existence of an important and 
avily loaded siding into the mill which was located 
mediately above the site of the main flue from the 
w soakers. This rail track was supported by R.S.J’s 
id concrete piers suitably placed to enable the flue to 
- constructed without interference to traffic. The 
indation work and construction of flues was completed 
time to permit the installation of plant to programme, 
d the first pit was fired to dry out the flues in July, 
3. The foundation contractor experienced con- 
rable difficulties with regard to access to and from 
site for concreting materials and removal of spoil, 
t the maximum assistance in this connection was 
ven by Messrs. Fox. 
An. electric scrapyard crane which had been replaced, 
Is reconditioned and modified by Messrs. Fox to suit 
e span of the new gantry and was operated with a 
wing cable. This proved invaluable, both for the 
andation work and particularly during the installation 
the pits. 


Control Room 
The Betaiis for instrumentation and controls for the 
w soakers were finally settled towards the end of 1952 
d the requirements in respect of the Control Room 
a briefly as follows :— 
I. The structure was to be sited above the six new pits 
the east side of the new shop, as far into the shop as 
ane clearances would permit. 
. Thirteen instrument panels (one for each pit in the 
il installation) each 5 ft. 4 in. wide, were to be accom- 
ated in line, with space at the Cogging Mill end for a 
prema ee These ve, form a central longi- 


. Vierendeel bidew at this 


August, the skeleton of the pentane 


‘the pit superstructure was able to be commenced | 


iudinal partition with a g ft. wide room at the back 


giving access to the instruments, and a similar room 
at the front of the panels from which the various intstru- 
ments could be read and the controls operated. 

3. The maximum visibility both into the soaking pits 
and to both ends of the new shop was to be obtained 
from the control compartment, and an external access 


walkway was required at the front to enable further 


visual inspection of the interiors of the pits. Access was 
also required around the back of the structure. 

4. A series of six pulleys were to be mounted at the 
front of the Control Room floor, one on the centre line of 
each pit, These pulleys were required in connection 


Fig: 19.—Interior of Control Room during erection 


with the lid operating mechanisms and there would be a 


resultant horizontal thrust towards the rear of the 
structure of 5 tons acting at the centre line of each 
pul'ey. 

5. The instruments required protection from crane 
vibration and this indicated that the Control Room 


~ would require to be isolated from the main building. 


6. Attention was to be given to the insulation of the 
control compartment against heat and noise, together 
with suitable ventilation or air conditioning. 


It was first necessary to settle the plan layout having 


regard to the overall length required for instrument 
panels, and to consider the availability of space for 
supperts to the ground and for foundations. There 
were very great limitations in this respect since the 
whole area covered by the soaking pits was occupied 
either by flues below ground or by gas mains, valve 
gear, and operating plant above ground level. It was 
thus concluded that the Control Room would require to 


span completely across the new pits, a distance of 92 feet. © 


Since the central longitudinal partition was to accom- 
modate the rectangular instrument panels it seemed 
logical and convenient to design this as an open-framed 
girder, i.e., so that the panels could be fitted in the 
spaces between the verticals. The possibility of pro- 
viding a Vierendeel girder at the front of the structure 
was considered but rejected on account of the probable 


size of the verticals and the consequent obstruction to_ 


vision. Apart from the importance of keeping the front 
wall clear of main structural members to give a con- 


tinuous window, there was also the difficulty arising 


from the presence of the two main frame legs at 56 ft. 3 in. 


centres. These were to be isolated from the Control - 


Room, and since it was intended that the front wall 
would project into the new shop as far as the inner faces 
of the main frames, any main girder at the front would 
have to pass either in front of or behind the frame legs. 

These were some of the factors which led to the 


structural solution illustrated in Fig. 17 and it will be. 
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, Supported on rigid frames at each end. The 
mtre lines of these girders were situated along the 
strument panel and the back wall respectively while 

‘floor and roof members were arranged to span from 
he lower and top booms of the back girder, continuously 
jicross the booms of the front girder and to cantilever 
but to ft. to the line of the glazed front wall. In this 


j;ontinuous observation window. 

' Use was made of castellated beams for the floor beams 
jimd roof cantilevers, allowing for the passage and 
joncealment of services within the double skin floor and 
oof. The floor consists of two layers, each 24 in, thick 
pf lightweight concrete laid in conjunction with ‘‘ Lewis ”’ 
llovetailed steel sheets spanning between the lower and 
‘apper flanges respectively of the 9 in. x 3 in. x 12 lb. 
sonstellated R.S.J. floor beams. The roof is of similar 
sonstruction, having a single upper layer of light- 
weight concrete with a suspended ceiling of 3 in. thick 
acoustic tiles. The walls to the Control Room consist 
of a double skin of 18 g. mild steel sheets, while for the 
nstrument room at the rear, a single skin of sheets was 
ased to clad the outside face of the second main girder. 
The floor cantilevers, and the lower chords of both main 
zirders were braced together to provide a horizontal 
system transmitting the series of 5-ton thrusts from the 
soaker lid counterweight pulleys to the end frames. 
Rigid connections were provided at the junctions of the 
floor and roof members with the booms and verticals of 
the main girder to resist the torsion due to the external 
moment arising from the loaded cantilevered portion. 

- Certain of the structural details are indicated in 
Fig. 18, from which it may be noted that 18 in, x 12 in. 
broad flange beams were used for the booms of the 
Vierendeel trusses. The verticals were composed of 
two I2 in. x 4 in. channels with the toes in to form a 
box section and having 12 in. xX I in. plates welded 
across the flanges. The flange plate thicknesses were 
creased for the end and penultimate verticals. Fig. 19 
gives a general view of the interior of this structure 
before the instrument panels were fixed. 

_ The drawings of the Control Room were issued to the 
steelwork contractor in January, 1953, and delivery 
sommenced during the first week in May. It was 
ssential that the Control Room should be erected 
sufficiently early to permit the installation of the instru- 
ments, together with the soaker lid operating gear, for 
which the pulleys were to be mounted below the Control 
Room floor. Owing to the headroom required, it was 
lecessary to lift a section of the Billet Mill roof before 
rection commenced and this was accomplished without 
lifficulty. The main girders were each delivered in two 
zalves, a stepped site joint being provided in the booms. 
Access was again difficult but erection was carried out 
atisfactorily using two derrick poles, and making use 


*, 


Mf the soaker lid crane tracks which had by that time 


een erected and which provided a useful platform for 
etting up the girders, jacking to level, and site welding. 
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Data Book for Civil Engineers, Vol. I Design, and ' 


Vol. II Specifications and Costs, by Elwyn E. Seelye, 
nd Edition. (New York : John Wiley & Sons, 1951 ; 
‘ondon : Chapman & Hall.) x11} in. x gf in. Vol. I 
21 pp., diagrams, tables. 80s. ; Vol. II 506 pp., 
liagrams, tables, glossary, 104s. 

ae is a ea eae revised second edition of a book 
ntended to make easily available essential data in each 
nain field of civil engineering. Important additions to 
folume I include extensions to the sections on rigid 


hat twe ‘Vierendeel girders each of 92 ft. span are 


lway, relative freedom was obtained to arrange the. 
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The steel frame of the Control Room was completed 
together with floor and roof to enable the installation 
of equipment and wall cladding to commence at the 
beginning of June. 

A cross section through the Control Room is shown in 
Fig. 18 which also indicates the arrangement of ‘the 
counterweight pulleys with the wire ropes passing 
through bell-mouthed tubes welded through the webs 
of the 18 in. x 12 in. broad flanged beams. It will also 
be noted that the observation windows, glazed with 
armour plate glass were canted forward to the same 
slope as the inner flanges of the main frames. Fig. 20 
shows a general cross-section through the new shop 
indicating the relation between the soakers and the 
Control Room. 


Conclusions 


To the authors, this job has confirmed the advantages 
of welded rigid-framed steelwork as a structural medium 
for works of reconstruction in difficult locations. The 
parallel boomed open-framed girder, whilst not neces- 
sarily a more economical form of construction than the 
lattice girder as regards weight of steel, can provide a 
very convenient solution to structural problems where 
clear openings are required. 

Also illustrated by this job, which was not without , 
difficulties, and for which there was a relatively tight 
programme, are the great advantages obtained by the 
closest co-operation between all the parties concerned. 
An office was available near to Messrs. Fox’s works, 
where the design and detailing was carried out, and from 
which the site supervision was based. This helped 
considerably in all aspects, particularly as regards 
progress, sce it was necessary constantly to refer to 
existing conditions, and since there were of necessity 
numerous alterations of plant details from time to time. 
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frames and on soils and soil mechanics, a new section on 
aluminium, up-to-date airfield design data, standards for 
swimming-pools, solution of rigid frame bridge bents by 
influence line data, and design data for a large number 
of existing rigid frame bridges. 

Volume II deals with the preparation of specifications 
for airports, roads, railways, bridges, dams, docks, 
drainage and sewers. It includes relative cost analyses 
for each type of work, and a classified glossary of 
terms, 


= Summary 


A type of Nomogram originally devised by Dr. M. R. 
Horne for the solution of beam moments in rigid frames 
has been extended to the determination of stanchion 
moments and developed to include the effects of in- 
stability, and it has been found that this can be achieved 
without departing from the construction of intersecting 
straight lines. The solution for the behaviour of a 
stanchion in the elastic range and in the absence of 

sway can be seen by merely locating two points on the 
Nomogram and drawing a straight line, which straight 
“line is the diagram of the restraint moments. The 
nomograms can be used to demonstrate with great 
rapidity the phenomenon of “‘ unwrapping ”’ leading to 
buckling. It is shown how to construct nomograms for 
continuous stanchions, and it is hoped that these nomo- 
grams will also be of use to those engaged in the more 
general elasto-plastic research into stanchion behaviour. 


Introduction 


An extensive investigation has been carried out by the 
Building Research Station into the elastic behaviour 
of rigid steel frames for multi-storey buildings, both in 
terms of bare frames and also of the stiffening effects 
of the cladding. A comprehensive rapid and economical 
design method for multi-storey frames has already been 

- published! which made use of charts giving the influence 
of the worst possible arrangements of live load and dead 
load for both beams and stanchions, without involving 
the necessity of solving any equations. whatever. Some 
degree of moment redistribution could easily be allowed 
for in the beams, whilst the treatment of the stanchions 
was based on a modification of the recommendations of 
the Steel Structures Research Committee?. An alter- 
' native method of evaluating the maximum beam 
moments by means of Nomograms was discovered by 
Dr. M. R. Horne and described by him in a paper 
published in THE STRUCTURAL ENGINEER in 1950%. 
These nomograms have the characteristic feature that a 
- number of independent. variables can be conveniently 
handled in one diagram, and they consist of straight 
lines throughout. The author has now developed this 


type of nomogram to evaluate the end moments in 


‘stanchions, and in so doing account has been taken of a 
- feature of stanchion behaviour which is of importance, 
_ i.e., the change that takes place from acting end moments 


-_to restraining end moments as the direct load increases. 


This “ unwrapping ’’ of the stanchions has been noted 
in the investigations of the behaviour of stanchions in 
the plastic range*, but it can also occur in: the elastic 


: range. This progressive change of sign of the end 
-. moments is associated with the concept of the “ equiv- 


alent length’’ of the stanchion, and is automatically 
taken care of in the nomograms which are illustrated 


below. It is a matter of some curiosity that this type of 


*Crown Copyright Reserved. 
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nomogram can be made to cover the non-linear buckling | 
effects of stanchions (in the elastic range) whilst retaining ~ 
straight lines. | 
The Use of Substitute Frames and Degrees of | 
Restraint a 

Degree of restraint methods® ® and the use of elastic | 
equivalents’? have been used extensively in the solution” 
of rigid frames. But when extremely rapid solutions | 
are required for the worst possible arrangements of live — 
loads, the use of close substitute frames is by far the) 
best method of approach. Thus the “‘ Draft Rules ” of 
the Steel Structures Research Committee were based” 
on a set of idealised single bay frames which served as a _ 
substitute for the frame to be designed, as far as stan-— 
chion moments were concerned. The author? used ve 
extensive substitute frames, and the results could be 
read immediately from design charts to a considerable | 
degree of accuracy, the ratio of stiffness’ of a member to. 
total stiffness at any joint being the governing para-_ 
meter. The nomograms devised by Horne were based | 
on the substitute frame shown in Fig. 1, and this frame — 


was found to be highly successful. Horne made use 
of the variables : #) 
Sum of beam stiffnesses + 
= — ata joint. am 
Sum of column stiffnesses 
and y = ratio of fixed end moments on adjacent 


beams at any joint. | 

: ‘ : : ; : Ky, = Dials sli a 3 
Provided the approximate relationship — =— i 
; Ky why, 5 

was assumed between the stiffnesses and the fixed-end- 


moments then the beam moments were obtained ‘ros 
straight line nomograms where the straight lines denote 
the parameters Q and ry at each end of the beam in turn. — 

It is proposed to use the substitute frame of Fig. 2 A 
for the determination of stanchion moments. Here CB | 
is the clockwise out-of-balance fixed end moment | 
(F.E.M.) due to combined live and dead beam loads at — 


the end B, and Ca is at the lower end A. Hence for — 


symmetrical single curvature (Fig. 3) =.=" 1 > fom 

CA CS me a 

symmetrical double curvature — = +1. When the © 
: CB - * 


conditions are unsymmetrical the largest arithmetical 
value of C may be taken as +1, whence it becomes © 
necessary to trace the behaviour of the column under 
CA : | 

possible values of — ranging from +1 to —1.  . 
CB weak - 

Some designers would no doubt wish to take the 
‘‘ modified ” stiffnesses of the adjoining beams according 
to the degree of fixity at the remote ends ; these modified 
stiffnesses range from 3K to 1.0K depending on 


s-- 34 
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hether the remote end is hinged or fixed. Similarly 
he fixed end moments Cp and Ca may be modified if 
esired by “ carry-overs’ from the remote ends. Also 
lMowance can be made for semi-rigidity of the column- 
eam. joint by altering the effective stiffness of the 
leams. But before any of these refinements are 
ttempted it is as well to consider the following points : — 
(i) Although the proposed method is a safe, simple, 
‘conomical design, it is not a “collapse” design. A 
collapse design will eventually show still greater strength, 
md hence refinements are at this stage rather un- 
lecessary. When instability is present, however, a 


Fis. 1.—Substitute frame used by Horne 


collapse design will be of necessity an elasto-plastic 
jesign, and none of the parameters involved in this 
analysis can be dropped, except in very special cases. 
Additional parameters will in fact have to be taken 
into account. 

(li) The Building Research Station has commenced an 
extensive study of the stiffening effects of floors, walls, 
encasement, etc. The first of a series® of ‘‘ Studies in 
Composite Construction’ has revealed the remarkable 
changés that can take place in the actual loads trans- 
mitted to beams that are supporting brick walls. Tests 
in the laboratory and on actual buildings have shown 
analogous effects in beam and floor combinations. This 
is shown quite clearly from a fundamental analysis of 
square slabs supported on flexible beams*®. Thus in 


. 
> 


Fig. 2._Substitute frame for stanchion moments 


Fig. 4 a flexible beam is seen to shed a very considerable 
amount of load at the centre of the span (where it 
counts the most) and the effect on the bending moment 
diagram is pronounced. But that is not all, for the 
composite action of beam and slab may raise the effective 
stifiness of the beam against joint rotation by as much 
as 200 per cent.—which is of considerable importance in 
considering the buckling of stanchions.’ Coupled with 
this is the load dispersal across the floors to other beams 
in the vicinity, which has been detected in tests on an 
actual building frame at the New Government Offices, 
Whitehall Gardens. In due course it is hoped to publish 
the results but for the moment all that is necessary 1s 
to note that such refinements as “ remote end conditions 
of beams” may not only be superfluous but decidedly 

nisleading. ; 
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(iii) It is outside the scope of the note to discuss the 
probability of combined torsional-flexural buckling 
which is undoubtedly a possibility. But with the yield 
point as. the criterion of design it is doubtful if this is a 
matter of practical importance except under rare 
conditions. The neglect of this phenomenon at this 
stage is certainly offset by the conservatism of items 
(i) and (ii), and also torsional buckling is impossible 
with encased stanchions. Torsional effects and the 


SINGLE DOUBLE 
CURVATURE CURVATURE 


Fig. 3 


warping of cross-sections may however become of some 
importance in a “ collapse ’’ design of bare stanchions. 


Construction of a Nomogram when the Direct Load © 


COPE 
is very small Ges L= 0) 
Ber 


Since there is no transverse load on the stanchion the 
nomogram. is very simple. It would be sufficient to 
adopt a unit of clockwise, out-of-balance, fixed end 
moment C, applied at the top of the stanchion B (Fig. 2) 
and to vary the clockwise F.E.M. at A between +C 
and —C, For the sake of symmetry, however, we will 
put 7C at one end and 7’C at the other end of the stan- 
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beams supporting a square slab of side L. Slab 
carrying uniform floor load q. 
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chion (it does not matter which end) where both 7 and 7’ 
vary between +1 and —z. If there were a hinge it is 
clear that on releasing 7C (i.e., “ balancing’’) there 
would be an applied moment on the stanchion of —7C, 
irrespective of the conditions at the other end. So that 
in Fig. 5(a) the “‘ hinge line,’”’ which is a special case of a 
general degree of fixity, corresponds to the vertical line 
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My, 
on which the stanchion moment -—— is read. That 
C : 
is to say radial lines representing 7 intersect this line 
puneea? 2 
We next arrange the radial lines 7 to pass through a 
‘pole of complete fixity’”’ situated one-third the 
distance along the diagram. Now consider a fixed end 
moment on the beams at end A equal to —C, (r’ = —1). 
Ii end A were hinged this would give rise to a clockwise 
stanchion moment of +C which would carry over +4C 
to end B providing end B were fixed. This is quite 
clearly achieved in the diagram by the dotted line 
passing through the fixed pole and intersecting BB 
at +4. . 
With reference to Horne’s original nomograms we 
may reasonably expect all other degree of fixity lines 


POLE OF 
COMPLETE 
FIXITY 


HI 


NGE LINE 


(a) 


will be noticed that. the principle of. super-position . 
of loads is clearly demonstrated for any given frame. 
Nomogram No. I is the completed diagram for the 
case of zero direct load, the axis having been made 
vertical to represent a stanchion. 5 
The Instability Problem A 

The problem of elastic instability under a direct 
load P introduces the important quantity aL, where 
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Fig. 5.—Construction of nomogram at zero load 


at each end of the stanchion to be parallel to the hinge 
lines, i.e., they become simply vertical lines, but their 
horizontal position has to be determined. The degree 
of fixity at either end* is expressed by the quantity 


Ke Ke 


Fee pee De Se Bs er 
Resi ACK be PR ee 


Column stiffness 


Total stiffness at joint 


Thus B = 1.0 corresponds to a hinge, and 8B = o corres- 
ponds to complete fixity. The easiest way of finding 
the location of these lines is to consider symmetrical 
single curvature (S/C) y = +1, 7’ = —1, Fig. 5b, and 
for any value of B (say 0.5) the value of Mp = —M, 
can easily be calculated. Notice that the scale at 
end A is reversed in sign to that at end B (when moments 
are measured clockwise), so that the moment line SS 
is actually the bending moment diagram measured from 
the base 00, Similarly when y = +1, 7’ = +1 the line 
DD clearly becomes the bending moment diagram in 
“pure” double curvature. This construction is found 
to hold for any values of B or y, whether symmetrical or 
unsymmetrical. The rule is to take the intersection 
of B and 7 at one end and to draw a line through this 
point and the intersection of 8’ and’r’ at the other 
end. This line is then the bending moment diagram. 
Incidentally this diagram may also be used for beam 
moments by feeding in the correct information. It 


*Horne did not use this parameter for beams. The-reason 
for the choice of this nomenclature is explained in reference (1), 


P 
where fs= — = average direct stress in the column. 
A 


k = radius of gyration about 
the appropriate axis. 


For steel E = 13,000 tons/in.? approx. so that 


vfe (LZ) | . 
Ce ee eee eS 
114 (k) 
which is a very convenient form since the designer 
‘0, 
normally calculates — as a matter of course. Note, 


however, that in all these nomograms L is the actual 
length. The effective length is automatically taken 
care of. R 

It is convenient to adopt the functions X, Y, where 


Ff © 
xX = ——  V= 


4 o2 —f? i getee 
[aL .cosec «L —1] [Lt —oL cot off] © : 


and f = 2 —_____ ,, g 
(1)? (21)? 


It can be shown that, in the absence af sway, the. 
moments at the ends of the stanchion length AB, Fig. 2, 
are given by all 


em: 


I (Ene jee 


‘where Myx and Mz act clockwise on the column, and 
g a, Cz are clockwise out-of-balance F.E.M.’s at the 
joints as previously explained. 
_ =Ka and =Kz are the total effective beam stiffnesses 
‘at the joints, which may include the adjacent column 
length as a first approximation. At high loads. the 
‘stiffness of this adjacent column length may have to 
“be modified somewhat as, will be shown later. 
_ The column will obviously buckle when the denom- 
inator of (4) and (5) becomes zero, as has been determined 
‘previously by other writers. It will be noticed that the 
buckling load depends only on the elastic restraints and 
the column stiffness as modified by the direct load ex- 
pressed as (« L). 
_ Expressed in such a manner there seems little hope of 
extending Horne’s nomograms to cover elastic instability, 


Fig. 6 


; but the key to the problem is seen when we revert to 
‘degree of restraint ’’ methods? &. 

_ Thus, if we consider Fig. 6, then the 
for a beam is 


ing 


carry over ”’ 


: IE e 

‘My, = —Cz: ——— 

: Ke+ iKep 
and tet Ligot that the modified stiffness at end A 
due to the degree of restraint at B is 


Ke 
Rig oo Ki [-—— a dae gh 
> Ke+ =Kp 


which may be looked upon as a “ stiffness carry over.” 
When direct load is present the author has found that 
the moment pete becomes — 


M A = == B G ay 5 . (6a) 
KV 4+ EK, Yt <Kez 2Y 
Mand the modified stiffness 


i gvaen tc Y [- = —(< =) |: (7a) 
KeY+2Kp 


These results are of considerable interest, for in the 
_ general case the stiffness K- is replaced by the reduced 
stiffness K-Y and the moment and stiffness carry-over 


ro} 


. (6) 


' 


i - factors become ee ages (— —) and (—). 
2Y 
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When there is no direct load, «£ = 0, we find that 
X = Y = 1.00, and the carry-over factors become 
4 and 4. With this transformation it is seen that 
algebraic operations are similar for moment distribution 
and for stiffness modification at all direct loads, including 
of course zero load, 

We may therefore expect a nomogram for cases where 
instability will be present to be composed likewise of 


straight lines. The “ pole of complete fixity ’’ (Fig. 7) 
#1:0 +10 
ia 

Mg » Ma 
. i 
-1°0 Y HINGE LINE +10 
Fig. 7 


is so arranged that when there is a hinge at the opposite 
end the applied moment becomes —r’C and the moment 


xX 
RC Ge EO GR SO 
BE 


carried over is 


(equation (6a)). 

It remains to fill in the vertical (degree of restraint) 
lines, which is carried out as before by solving the 
special cases of symmetrical single curvature. From 
equation (4) we obtain . 


Mz th 
= for symmetrical 
Cc LK single curvature . (8) 
— +1 
Ke(Y —X/2) 
Mes ta 
or —- = na ia eee 
C T a 
Cra 
B Y —X 
2 


from which we can plot vertical lines by inspection for 
any degree of restraint B. This leads to a series of 
completed Bomerae which are given for «L = 0, 
2, 24, 34, 4, 44, 5, from which the restraint rasmenes 
can be obtained at either end no matter how assym- 
metrical be the frame or the loading. 


Worked Example 


Consider a stanchion length where the elastic re- 
straints at the ends are represented by B .3, = BY = 
“20. 

In using these nomograms it is important to multiply 
all direct loads and: beam out-of-balance fixed end 
moments by the desired load factor first, and then to 
take the effective yield stress as the criterion (say 
18 tons per sq. in. to agree with B.S.449). With the 
factored load the value of «Z is easily determined 
graphically from the upper half of Fig. 8. Let us 
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suppose that «of = 2. Referring to the appropriate 
nomogram (No. 2), then if the beam loads to be studied 
give rise to Double Curvature with equal out-of-balance 
moments we consider the radial lines y = +1, 7’ = +1. 
Find the intersection point of 7 = +1 with B = .3; 
also the intersection point of 7’ = +1 and B’ = .20. 
Draw a line through these points (or stretch a length of 
cotton on a nomogram constructed to a large scale) and 


3 he Structural : 


— 30 ee that is to say the end moments ha V 
now changed round in order of magnitude. 


Formal Proof of the Nomograms, ane Gener | 
Rules for their Construction PA 

Most designers will no doubt accept the foregoin 
arguments as they stand, but the mathematically 
minded reader will observe that no strict formal proo- 
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the end moments are straightway read off the scales 
as —0.34 and —o.30 respectively (in terms of unit out- 
of-balance moments of +1). It will be shown later 
that the end moment —.34 is the maximum on the 
stanchion length at this direct load, and it will be seen 


_ in this case that it occurs at the end with the smaller 


degree of restraint. 

When «Ll exceeds x the radial lines now diverge or 
fan out in the opposite direction but the corresponding 
end moment is still read on the same horizontal line as at 
the lower loads. For instance when « L = 4 the above. 
example then gives the end moments as —.23 and 


Bees 
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Fig. = 
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has yet been given that the nomograms are indeed 
composed of nothing but straight lines. i 

Consider the radial v-lines of Fig. 7. Taking the co- 
ordinate axes x, y, as shown these lines all pass though 


+r : 
the pole {x x5) band have a gradient of . Conse-_ 
x : 


1.4% —+ 3 
quently the Suen ofatypicallineisy= —. . (10) 
xX . 


The vertical 8 lines must intersect the Y ues at ar 
ordinate given by 


HINGE LINE 
B = 1-0 


COLUMN STIFFNESS 
TOTAL STIFFNESS AT JOINT 


B= 


xL=0 ALL END MOMENTS ARE EXPRESSED IN TERMS 
OF OUT-OF- BALANCE FIXED END MOMENTS AT 
Be ‘THE END IN QUESTION (CLOCKWISE MOMENTS 
oa ACTING ON STANCHION AT EITHER END ARE 
. =a POSITIVE) 
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So frotr equationdo}: 


Ge ee ee 


The intersection point (*,, fy of any B and z line can 
then be shown to be 


st os eee ait ae: = Lr) 
Typical | ani x 
intersection | (- —1)+ (° Be 
point of first | B 2 
half of 
Nomogram ny 
se (12) 
if “i 
GC -)G=a)* 
B Y— X 
2 


In like manner the second intersection point (%., V2) 
of v’ and p’ lires in the other half of the nomogram 
can be found to be 


| iG oe 
eto A= 


i 
ve var r 
3 by virtue 


| of anti- 
¢ ams :) Car +1symmetry (14) 


The equation of a line passing through these two 

ae tey ffaey 1 be ey Oe: 

points is = 
%—%Xy 


, and the intercept yo 


at x =o is the’required moment, 1.€., yo = 
—%1 Vety1 Xe 


(15) 
a Veer 6 

Making use of (11), (12), (13) and (14) we find that after 

considerable manipulation the denominator of (15) 


reduces to 
PINE IAG 


LK 4 
K c Ke 
DK a ; rKp 
Cate 
Ke Ke 4 
whilst the numerator of (15) reduces to _ 
2Y —X 


LK 
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which coincides identically with the known value | 
in equation (4). ‘| 

The moment at the opposite end obviously follows 
from symmetry of the diagram. Hence we have form- 
ally shown that the nomograms must consist of straight 
lines. 

The general rule for constructing any nomogram is 
therefore to erect the out-of-balance Fixed End Moment 
(r) lines by equation (10) and the vertical lines by 
equations (11) or (12) whichever is most convenient. for 
plotting. 3 


; 4 
Discussion of the Behaviour of the Stanchion — 3 


Apart from the special form in which the modified 
stiffness (7a) is expressed it is not claimed that any new 
principles are depicted by the nomograms, but that they 
show pictorially and almost instantaneously features 
which are all too easily overlooked. The most striking 
feature is that the nomogram for oL = x = 3.142, 


need | 
-shrinks to a 


corresponding to the Euler Load 

¢ L2 

single point since it can then be shown that X = 2¥ = 
ne es 3 

, and from equation (11) all the elastic restraint 


8 


lines (2) congregate at a point exactly in the middle of 
the diagram. By drawing a series of lines through this 
point it is therefore clear that, in the absence of initial 
curvature, the restraining moments must always be in a@ 
state of ’’ pure’”’ Double Curvature at the Euler Load, no 
matter how unsymmetrical the frame and loading may be. 
In other words a state of “‘ pure’ Double Curvature is 
the only possible way of getting past «L = x, as far as” 
the stanchion length is concerned. It follows im- 
mediately that if a symmetrical frame is loaded in 

pure” semgle curvature, and it must by symmetry 
remain in single curvature, the only way of satisfying 
this paradox is that the end moments both become 
zero, which may equally well be S/C or D/C (the zeTO” 
vertical line of the nomogram). 

The nomogram of course ts to give the actual values 
of the end moments at “x” but it can be shown es 
proceeding to limits that at the Euler Load 


Ke Ke 
——Cpz. 
rKa rks 


4 2 Ke Ke 
(—)++ 

™ tka “kK B 
being clockwise moments acting on the stanchion length. 
This is in general “ pure”? Double Curvature, only 
vanishing with a symmetrical frame when Ca = —Cp 
(Single Curvature loading). If initial curvature is 
present there is a slight departure from pure D/C, bute 
the ratio of the end moments is still unique. 


This state of pure Double Curvature is thus nniquelilt 
defined, and it follows automatically that to mullplg 


FE are Me tee 


ore nes 


on eae ee ee 


NOMOGRAM 4.- 


NOTE THAT FOR ALL VALUES OF xL> 3-14 
THE RADIAL LINES CORRESPONDING TO THE 


END AT WHICH THE MOMENT IS READ, NOW 
APPEAR A® THE OPPOSITE END OF THE 
NOMOGRAM AND DIVERGE 
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ae 


the end moments determined by the usual slope de-— 


flection methods by a given load factor (thus preserving 
a random ratio of Ms/Ma, in general not equal to + 1) 
will mean that in no circumstances can the eon 


nE I 


length be stable when the Euler Load is reached, 
L2 
that is if the stanchion is still elastic. To neglect the 
change of end moments is of course quite safe and this 
basis was adopted by the Steel Structures Research 
Committee, and followed by the author!?, but it leads to 
no possibility of making use of the beneficial effects of the 
equivalent length concept, as no load is possible greater 


ree f 


than . By contrast B.S. 449 for structural steel- 
72 : 

work allows a small eccentricity of 2 in. or so to be used 
in conjunction with an equivalent length of 0.7 L, 
although whether this is entirely rational is outside the 
scope of this paper. 

When «lL is close to the apparently indeterminate 
case of “x,” the designer is recommended to use the 
Nomogram for «L = 3 or else to interpolate between 
al = 24 and 34. At “x” however, the real shear on 
the stanchion can be shown to be 


. (18a) 


dNGe Ke 
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and the maximum moment is 
B 2 
eR ccatteeese rea ASD) 


( F 
M max — V ors + 
The proof of 


so that it is in fact actually determinate, 
this is too lengthy to reproduce here. 
For values of «L greater than x, the nomogram, having 
shrunk to a point, reappears on the opposite side by virtue 
of equation (12). It is quite clear that with a sym- 
metrical frame in single curvature the end moments, 
which were previously ‘‘ acting’? moments have now 


‘changed sign and have become restraining moments, , 


and the configuration now rapidly becomes similar to 

“the type noticed in plastic collapse. In using the 
nomogram, say for «lL = 4, it will be noticed that the 
lower radial lines now diverge continuously, although 
the corresponding moment is still read where the 
“moment line’ intersects the upper scale. 

The frame obviously buckles when the moments 
become infinity, i.e, when the horizontal B lines have 
receded to infinity. Thus with «aL = 4 a symmetrical 
frame would buckle when B = .68 at both ends. It is 
easily verified from the Nomograms that this will hold 
for all types of loading except symmetrical Double 
Curvature, and the interesting feature arises that “‘ pure ”’ 
D/C has a peculiar stabilising effect at high loads which 
it would be dangerous to make use of. Any initial 
curvature or any loading other than “ pure ” symmetrical 

_ D/C will cause the column to “ unwrap,” which has also 
been noticed in plastic design (4). This unwrapping 


can be aced by the use of tie 1 nomogram hers at inte 
loads one restraint moment gains rapidly on the ot 
in all cases of non-symmetrical Double Curvature. . 

We have noticed that a frame with B = .68 at both 
ends buckles at aL = 4, but there are obviously un- 
symmetrical combinations which would buckle at the 
same direct load when say B > .68 and B’ < .68. The 
remainder of the diagram will be found to have re- 
appeared from infinity, so to speak, at the opposite end 
and is shown dotted. This gives rise to a point of 
considerable interest, for the two halves of the nomogram, 
can now overlap, the full lines of one half being super- 
imposed on the dotted lines of the other half. When 
any two horizontal lines (or interpolations) belonging 
to opposite ends of the stanchion coincide, the moment | 
line joining the two points will become horizontal no 
matter what the beam Fixed End Moments are. Thus | 
buckling combinations can be picked out instantaneously, 


~“ 
. 


for example at «L = 4 we have {5 SEA poy 47h 
and {3 205 ae 52 ; | 


It should be pointed out that such high values of B 
are most unlikely to occur in practice, the practical | 
limit for stanchions being about 0.4, so that not all | 
parts of the complete nomogramn may be required. » 
Nevertheless the situation changes when we come to a 
study of continuous stanchions. 4 


Procedure for Using Nomograms 


An auxiliary chart, Fig. 8, which is self-explanatory, | 
is given for the graphical determination of aL. The | 
end moments are not of course necessarily the maximum | 
moments, and Fig. 8 also gives the ratio of the maximum | 
moment to the maximum.end moment (regardless of | 
sign). This is expressed as an enhancement factor G | 
which is always greater than unity. Obviously G | 
depends on the ratio of end moments. The rule is to. 
choose the largest (arithmetical) end moment, say Ma, | 


Ms 
and to calculate 


treating both as clockwise positive 
Ma 


(Hardy Cross Convention), taking care of sign, and then 

read off the enhancement factor G. In many cases the | 
designer will find G = 1.000 indicating that the maximum _ 
moment is actually at the end. Professor Winter!® 
has produced a eee chart, which did not however _ 
extend beyond “=.’’ In this extended region it will be 
seen that there are ee branches to the curves, and both | 
branches are valid. There is however only one result 
for G and in practice it is not usual to find much deviation 
from unity. 


Example 


Table I may serve as an exercise in the use of the : 
nomograms and demonstrates the phenomenon of © 
“unwrapping.”’ 


TABLE I.—Solution of Unsymmetrical Frame in 
Double Curvature : 


| aS A a | 


eae 
aL : M. 
B= 05 ‘B’ = .20 (Fig. 8) aa 
Co) —.14 —.22 I 22 
2 —.15 —.21 I 20 
4 —.18 —.09 $0503 -185 
5 —— sist “+209 EVOR Bic 5) 


END MOMENT 


“L=4 


THE DOTTED LINES APPEAR AT THE SAME 


. 


END AS THE APPROPRIATE END MOMENT. 
THE FULL LINES DIVERGE AT THE OPPOSITE 
END. ANY FULL LINE VALUE OF 8 IMMEDIAT- 
ELY OVER A DOTTED LINE VALUE oF 8! 
REPRESENTS A BUCKLING COMBINATION 
OF STIFFNESS RATIOS. 
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See NOTES 
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The progressive states of the stanchion are shown 
pictorially in Fig. ro. It is of considerable interest to 
note that whereas the weaker (B’ = .20) end gives rise 
to the largest moment at small loads, this moment is 
eventually lost altogether and changes sign. The 
opposite (strong) end gains all the time and the stanchion 
eventually unwraps about the strong end in the charac- 
teristic pattern. The additional effects which plasticity 
would introduce will not be discussed here. It suffices 
to note that until ‘“‘ unwrapping ”’ sets in Double Curva- 
ture actually gives rise to an alleviating effect (vzde the 
last column). . 


Continuous Stanchions 


Strictly speaking the foregoing only applies to the 
conditions at the roof of a multi-storey building where 
the elastic restraint consists of beams only. The main 
purpose of this paper, however, is to present the princi- 
ples of the application of this type of nomogram to 
problems involving combined bending and instability, 
and nomograms can be easily constructed to deal with 
various cases. It is not within the scope of the paper to 
discuss the multi-storey building in general. Never- 
theless some indication must be given of how to deal 
with the problem of continuous stanchions. 

Referring to the continuous stanchion of Fig. 2, then, 
if the extreme ends are encastered, all that it is necessary 
to do is to substitute K,;Y and K®Y, for the upper and 
lower stanchion lengths of stiffness K, and K, respect- 
ively. (Values of Y are given in the Appendix.) This 


P 
is assuming that Vee L has the same value for 
Eh 


adjacent stanchion lengths, which may not be strictly 
true, but the whole design would become virtually 
impossible if every variable were included. However, 
this simplification is too optimistic, for if we examine 
the worst possible arrangements of load for Double 
Curvature and Single Curvature (Fig. 9), as a first 


STANCHION LENGTH 
BEING DESIGNED 


DOUBLE SINGLE 
@) cuavaTure (P) CURVATURE 


Fig. 9.—Worst live load arrangements for a 
continuous stanchion 


approximation, it seems reasonable to assume the 
adjacent stanchion lengths to be in single curvature. 
This ‘‘ induced stiffness ’’ takes account of the moment 
carry-over automatically, and at zero direct load is 
tantamount to using 4 K instead of K, This would no 
doubt be a pessimistic design, for it assumes a balance 
of dead loads which would otherwise induce double 
curvature and stiffen up the frame. It is tempting to 
assume a hinge instead (stiffness ? K) but this has an 
adverse effect at high direct loads and would always 
lead to the conclusion that the whole frame would 
buckle at less than «L = 4.5. This point is seen by the 
following Table of equivalent stiffnesses. 


TABLE ‘I.—Equivatent Stiffnesses of Upper ; and | 


- 


Lower Stanchion Lenghts 


a3 Induced - = 
Direct |" Fixed Single Hinged 
Load Ends Curvature 
aL Ke ae) K = KO) ers x 
2 
0 I 3 i 
7 (Euler) .617 fo) LL =| 
4.49 fo) —o.9 —oo (Buckled) | 
5 —.48 —1.67 Buckled el 


Negative stiffnesses occur when the column length is 
dragging the beams over with it prior to buckling. 
Buckling occurs when the sum total of stiffnesses, 
positive and negative, at a joint become zero. It will be 
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Fig. 10.—Bending moment diagrams for double cur- | 
vature (Ca/Bs = 1.0) but with unsymmetrical frame 


(Ba = .05 ; Bg = .20) 


seen that the concept of “ induced single curvature ”’ is 
conservative and moreover it preserves the elastic 
restraints at the storey level above, which a hinge 
does not. | 

This being the case, we will assume that the stanchion 
stiffness Ke is repeated in the storey above*, and is 


X\ a 
replaced by an equivalent stiffness Ke (v ees = 4 


Consequently the nominal value of B is ———__ 

Ke+Ke+ 2K beams 
for design purposes, whereas the frame behaves as if the 
equivalent value is = 
K c | 


pase eee ee eee | 

xX 
eS aa Ke Y — — Sepa beams 

2 

from which it is easy to show that for internal stanchions | 

I I xX 4 

aes terse, Lane wes ie ee, ere (19) 

Be B 2 ‘ 


For external stanchions the adjacent lengths are bent 
into double curvature, but not as much as symmetrical 
double curvature. Consequently it would be con- | 
servative to take the adjacent lengths with encastered 
ends, in which case *) 

ag sh ss 
— = —- 1-4 for external stanchions . (19a) 
Be B 
All that it is necessary to do therefore is to shift the 
horizontal (elastic restraint) lines of the nomogram upwards 
or downwards according to the above rules, and the be- 
haviour of a continuous stanchion length will be 


*It must be remembered that if there is a stanchion taper, the 
direct load is also ‘“‘ tapered.”’ =e 4 
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OADING WITH UNSYMMETRICAL FRAMES 


SINGLE CURVATURE L 
NTINUOUS STANCHIONS : ALL DIRECT LOADS 
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ADO ee tN as 
predicted. The following table gives some typical 
numerical values :— : 


TABLE III.—Equivalent Elastic Restraint for Con- 
tinuous Internal Stanchions 


: Be= Equivalent B for continuous stanchions 
Nominal ; ; | 
BN S| | | | Values of 
| aie uae Sas PR OA ieee ko ae Cee aL 
. . | 
| | | 
505 | -0512) .0513) -0517| bee -0539| -0577 
ahs | -105 | .106 | .107 | .110 | .117.| .137 | 
i aa Win oy | [x63 [226 |" 2075.) 502 Gea 2514 
we: | .222 |.224 | .231 | .247 | .282 | .430 
Ee raedh<2O5U .289 | -301 | .327 | -393 | -753 | 
Pear aehe 7392)|'-359_| "F377 1-420 5392. = 
-35 .| -424 | -432 | -458 | -523 | -714 |. — 
4 ot A SO | SSA OGG OSS ns 


The nomograms may be altered quite simply ; for exam- 
ple-at «£ = 2 the horizontal line which will still be 
labelled 0.3 is shifted to the position occupied by B = 
.377 on the existing diagram. 


Initial Curvature 

Compared with the effects which can be produced by 
the beam loads themselves, the effects of initial cur- 
vature (i.e., crookedness) can be often quite incidental. 
Provided a state of “pure’”’ Double Curvature is 
avoided for design purposes, the effects of initial cur- 
vature can be taken care of by erring on the side of 
induced Single Curvature.. For example, the design of 
external stanchions according to Ca/Cg = 0, instead 
of some degree of Double Curvature, would almost 
certainly swamp the effects of initial curvature unless 
the beams were remarkably stiff. However, the author 
has found that if it is required to investigate the pheno- 
menon of initial curvature all that it is necessary to do 
is to consider the fixed end moments, which accrue when 
a curved strut is encastered at both ends and subjected 
to direct load, as being the out-of-balance F.E.M. This 
must be done algebraically. 

The F.E.M. of a curved encastered strut under load 
can be shown to be :— 

Zp € 12 


Ces Pte eX) AS 20) 


Tt =? <= a2L2 
where , is the maximum out-of-straightness of sinusoidal 
shape and P is the direct load. 

Thus we apply +C’, at one end and —C’, at the 
other end, and the resulting restraint moment line is 
clearly analogous to single curvature. 

To the results read off the nomogram (which will be 
opposite in sign) we must add +C’, and —C’,, which 
are of course still acting on the stanchion length. 

Let the resulting moments at the ends of the stanchion 
length be +M, for symmetrical frames. (For asym- 
metrical frames it is sufficient to take the mean degree 
of restraint at both ends.) 

Then the maximum moment due to initial curvature 
is equal to 

aL se 
+ Pe. ———— . . (a1) 
2 n? — a2? 


Future Design Methods Based on the Nomograms 


The nomograms give a rapid solution of the behaviour 
of a stanchion in the elastic phase, and can be of im- 


—M,. se 


mediate use for the designer who is well versed in the - 


problems associated with multi-storey buildings. No 
attempt has been made of course to present a set of 
_ design rules, and further simplifications are being 
studied. A systematic analysis has already revealed 
that it is both unnecessary and undesirable to base an 


9 


elastic method of design of stanchions on the Double 
Curvature condition, and hence the present indicatio: 
are that, until a sufficiently simple, comprehensivs 
collapse (or “ultimate’’) design is available, whic 
includes all the effects of elastic instability, the stanchio 
might be designed on a basis of Single Curvature. Itis 9 
true that external stanchions must be in some kind of 
double curvature, but here the worst case is likely to be — 
when the out-of-balance fixed end moments are C and 
zero (being the greatest possible digression towards 
single curvature). + 
The complete design can then be embodied in a single 
chart for each case by extracting from the Sona 
the individual lines = +17’ + —1, andy = +17’ =0, | 
respectively for internal and external stanchions. For 
example Nomogram 8 indicates the skeleton form of 
this comprehensive chart for internal stanchions, which | 
is valid at all loads and slenderness ratios. The correc- 
tion for continuity of stanchions (19) has been included 
in the chart. a 
One such chart would then suffice for the design of | 
all continuous internal stanchions, and would auto- 
matically take into consideration the effects of lack of | 
symmetry in the restraints. : 
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APPENDIX cat 

Functions X and Y concerning buckling of Stanchions 

L ae \Y | 

fo) ESO 1.0 

I 1.0172. ; 0.9062 
2 1.0761 - 0.8591 
2.5 1.1286 0.7719 
3 I.2057 0.6561 
325 1.3212 0.5021 
4.0 1.5018 | 0.2933 
4-5 1.8070 —o.0048 
5.0 2.3922 - —0.4772 


Further values can be obtained from reference Io. 
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Introduction 


| During an inspection of the roof over the stage at the 
New Theatre, Northampton, it was discovered that the 
‘structure had sagged considerably and urgent measures 
‘were considered necessary to reinstate it. 

' The New Theatre was built in 1910-1911, the layout 
‘of the stage roof being as shown in Fig. 2. Five roof 
‘trusses at approximately g ft. centres span 4o ft. from 
‘the proscenium wall on to a timber truss which spans 
parallel to the rear wall. 

' This truss is supported on two side trusses which are 
‘approximately 60 ft. apart and span between the pro- 
‘scenium wall and the rear wall to the stage. 

' The reactions from the side-trusses are carried by 
Pt piers built into the corners of the rear wall. 

_ The roof covering consists of slates on close boarding. 
‘Attached to decking between the pitched roof trusses 
are a series of rows of pulleys required for manipulation 
of the curtains. 

_ A detailed survey revealed that the roof superstructure 
had sagged by a maximum of 6 in., due to the main 
truss buckling 13 in. in the horizontal direction and 
thence deflecting vertically by up to 6 in. at midspan. 
Because of this movement, the load from the roof 
‘superstructure had been transferred to the rear wall 
through the mansard rafters, and the horizontal com- 
ponent of this thrust had caused the wall to crack and 
Ben outwards by up to g in. at the top centre. 

_ The general condition of the timber itself was good. 
4 Original Scheme 

_ A scheme was originally proposed for reinstatement 
by building a new steel lattice girder alongside the 
distorted timber truss, removing the latter, demolishing 
the upper portion of the walls and rebuilding to the 
iginal line and level. This scheme was however 
abandoned for the following reasons : (a) the cost was 
considered excessive, (b) it would necessitate regular 
aintenance, (c) the loads would have been transferred 
om the 1ear to side walls, and these were possibly not 
pable of sustaining them, and (d) as the theatre could 
ly be closed for about six weeks, it was not considered 
Possible to complete the work in time. 
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a Procedure Adopted 


_ It was therefore decided to proceed on the basis of 
Testoring as far as possible the original arrangement ; 
thereby saving considerably in material, time and cost. 
_ The roof superstructure was to be lifted to its correct 
level, thus relieving the rear wall and the main truss of 
any loading. The wall was then to be demolished to a 


level below the area of cracking, and the main truss 
aay ; 


at 
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Members of all grades are invited to submit “ practice notes” of individual operations such as those described 
_ below, whose size and scope are not perhaps sufficient to justify a full-length article or paper, but which possess 
pe features of special or general interest to the Institution 


Repairs to Roof Structure of the 
| 3 New Theatre, Northampton 


By A. B. Grant, B.Sc.(Eng.),Lond., A.M.I.C.E., A.M.1.Struct.E. 


restored to its correct position, replacing any detective 
material and providing suitable lateral bracing to prevent 
‘any further tendency to distort. 


Jacking Operation 


Scaffold towers were erected from the basement to 
the underside of each of the five roof trusses at the end 
nearer the main truss, mechanical jacks being inserted 
between the head of each tower and the underside of 
each roof truss (Fig. 3). Care was taken to ensure that 
the towers were placed plumb below the point of applica- 
tion of the jacks in order to avoid any eccentricity on 
the scaffolding. The whole structure was well braced 
together in two directions. The estimated load to be 
raised by each jack was of the order of two tons. 


Repairs to Wall and Main Truss 


In order to avoid dislodging slates and causing undue 
movement between the various members of the roof 
superstructure, it was decided to proceed from the centre 
roof truss outward. Thus the centre truss was first 
jacked up to the level of the adjacent two, and then these 
centre three trusses were jacked up simultaneously to 


* the level of the outer two. Finally all five trusses were 


jacked up simultaneously until the whole roof super- 
structure was level. The total “lift”? was approxi- 
mately 6 in. The entire roof cladding was found to be 
still intact and no repairs were required. 


By this means all loading was removed from the main 
truss and the rear wall. Separate jacks were used to 
support the two side trusses and free the rear wall of any 
loads from them. 


It was now possible to commence demolishing the 
rear wall. To do this it was found necessary to support 
the roof and the first floor of the dressing-room annexe 
which spanned on to wall from behind the stage. 


The wall was rebuilt in flettons, except for the end 
piers, for which engineering bricks were used in view 
of the load which had to be carried and the considerable 
length of unsupported work. 


While the wall was being replaced, attention was 
turned to the main truss. 


When the scheme for reinstatement was being pre- 
pared, the exact condition of the timber in the lower 
boom was not known, owing to the impossibility of 
making a close inspection. It was hoped in spite of the 
large sideways deflection of the member, that the timber 
was still in good condition and would be suitable for 
re-use. Metal brackets were manufactured and these © 
were to be fixed to each side of the lower boom ; wire 
ropes were to be run between these brackets and attached 
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FIG./ SHOWING GENERAL ARRANGEMENT OF — 
ROOF STRUCTURE, JACKING ASSEMBLIES AND D | 
REBUILT MAIN TRUSS AND REAR WALL. 
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REFLECTED PLAN OF STAGE ROOF — STRUCTURE. | SECTION A-A. 


I | By adjustment, tension 
us be applied to either or both ropes. The 
ent is shown in Fig, I. | 

hen the truss came to be examined during re- 
struction, however, it was found that the timber in 
lower boom had developed extensive splits and was 
not suitable for re-use. Moreover, owing to the large 
ateral movements, the various panel joints had opened 
ap and required attention. The timber in top boom 
ind in the diagonals and struts were all in good condition. 
_ The original lower boom of the truss was made from 
single piece of timber, 15 inches deep, 8 inches wide and 
ipproximately 58 feet long. It was obviously out of 
the question to replace by a similar member both from 
the view of obtaining and of fixing in position. It was 


therefore decided to build up the lower boom by lam- 
peting eight-inch wide by three-inch deep planks of 
olumbia pine. The planks were of random length, 
arying between fifteen and twenty-five feet. 
The whole truss was first supported at the panel 
oints of the top boom on brackets fixed to the scaffold- 
ing. The defective lower member was then cut out in 
ctions and removed. This left the required working 
ace for assembling the new lower boom. 
Since the member had to be built up 7m situ, the planks 
ere hoisted up and laid out on a staging immediately 
low their future position in the truss. The layers were 
mnected together with “ Bulldog ”’ timber connectors, 
le positions of which were decided by a check calcula- 
on on the forces in the truss under full loading con- 
tions. 
When the new lower boom was complete it was then 
fixed to the main part of the truss. Diagonal bolts were 
sed to connect posts and diagonals to the bottom boom, 
the size of these bolts being determined by the forces 
ting at the respective joint. : 
In repairing the joints at the top of the truss, diagonal 
raps were used in preference to diagonal bolts, owing 
the impossibility of drilling the necessary - holes 
mediately below the roof boarding. 
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The mild steel trussing brackets were next fixed in 
position and the wire ropes and turnbuckles assembled. 
The whole truss was trued up before sufficient tensicn 
was applied to each wire rope through the turnbuckles 
to take up all the slack. It was now possible to remove 
the scaffolding brackets supporting the truss at its top 
panel points and allow it to carry its own load. 

Fig. 1 shows the details of the repaired truss. 

When the réar wall had been rebuilt to the correct 
level, it was possible to release the jacks holding up the 
roof structure. This was done in reverse order to the 
order of the jacking up, the last truss to be lowered back 
on to the main truss being the central one. 

The maximum measured vertical deflection of the 
main truss after the entire roof load had been trans- 


Fig. 3 


ferred on to it was 4in. With the main truss loaded, 
part of the tension force in the lower boom was now 
carried by the wire ropes, and this tension gave the 
entire lower boom a high degree of rigidity in the lateral 
direction. This was considered of assistance in resisting 
any possible future buckling of the truss under dynamic 
loads due to raising stage scenery or curtains. 


A further inspection was carried out after the stage 
had been in use for three months. The entire structure 
was found to be satisfactory, except that all the‘ Bull- 
dog ”’ connector bolts were slack and required tightening. 
This was due to the new timber drying out and conse- 
quently shrinking. The maximum measured deflection 
of the main truss was now found to be a $ inch, and this 
increase can be attributed to the slight opening up of 
joints due to the shrinking of the timber and the addition 
of the curtain loads. Thus a certain small further 


increase of deflection may be expected until the new 


timber becomes fully dried out. 


The work was carried out for the Northampton 
Theatre Syndicate, the architects being Sir John Brown, 


_ A. E. Henson & Partners, and the Consulting Engineers, 


Messrs. Leonard & Grant. The main contractor was 
Messrs. T. Wilson & Sons. 
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The Institution, whilst being at all times pleased to open its columns to 
correspondence, cannot accept responsibility for the opinions expressed. 


To the Editor of THE STRUCTURAL ENGINEER. 


The Fire Endurance of Timber Beams and Floors 


Sir—Our attention has been drawn by Mr. C. F. Fischl, 
of the Joint Fire Research Organisation, to a simplified 
method of calculating the fire endurance of timber 
beams. In the paper referred to* a family of curves 
is used (Figs. 7 and 8) to obtain the fire endurance (2) 
for various sizes of beams with different values of the 


applied load 
Sear: 
ultimate load 


ratio 


By plotting from the experimental results given in 
Table x of the paper values of ¢/b against 3 /7/d? where b 
is the breadth and d the depth of the beam in inches, 'a 


straight line is obtained, the equation of which is 
t = b (23.8 —52.8 (r/d*)4) 


This gives the probable fire endurance in minutes. 

A second straight line can be drawn on the graph to 
represent the minimum fire endurance of the beams 
tested and this time is given by the expression 


tmm = b(23.8 —62.5(7/d?)4). 


Yours, etc., 
D. I. Lawson, L. A. AsHToN, C. T. WEBSTER. 


Boreham Wood, 
Herts. 
May 26th, 1953. 


To the Editor of THE STRUCTURAL ENGINEER. 


Vacuum Concrete 


Sir—I wish to add my vote of thanks to Monsieur I. 
Leviant for his most interesting and informative papert 
on the possibilities of extending the use of the vacuum 
process to concrete works. 

There is, however, one point which is not clear and 
this is the number of connections required between the 
pump and the filters to obtain efficient results. As far 
as can be seen from the illustrations, the floor mats have 
a single hose connection direct to the pump but the 
number-required for columns, circular or rectangular, 
cannot be judged. In dealing with the latter, is it 
necessary to connect the pump to a vacuum bottle and 
have multiple connections from it to the periphery of 
the column—and if so, how many ? 

I shall be obliged if this point can be cleared up and 
I should also like to know details ofthe ‘‘ special device ”’ 
referred to in Fig. 13. A device which will give a 
perfectly smooth face to concrete without the cost of 
steel trowelling has vast possibilities. 

Yours faithfully, 
H, W. Barras (Member) 


_. *THE STRUCTURAL ENGINEER. Vol. XXX, No.2 pp.27-33, 
Feb. 1952. 

’ $PHE STRUCTURAL ENGINEER. Vol. XXX, No. 11, pp. 249-258, 

Nov. 1952. 
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The Author replies :— 
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I. NUMBER OF CONNECTIONS BETWEEN PUMP AN 


i 


FILTER. | 


It is usual to lead a pipe from the pump to a manifold, | 
i.e., a special piece of pipe with several outlets. From 
each of these outlets a smaller diameter pipe connection 
leads to the vacuum shutters or mats. The nariball 
of points on thg mat or on the shutter through which 
the connection with the vacuum chamber (narrow space 
between the impervious shutter and the filter) is made} 
varies with many factors such as the size of the shutter, 
thickness of the vacuum chamber, etc. Definite rules 
have, however, been devised by the specialist designers. 
In most cases where several of these points are required | 
the connections are to a certain extent built in, so that 
only one outlet, and therefore only one pipe connection, 
is necessary on each element of shuttering. \ 


a 
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2. SPECIAL DEVICE. 


The Société du Vacuum Concrete has developed a new) 
method of casting using a thin sheet called “ Vivac.”| 
Instead of oiling the shutter, this sheet is placed on the 
inside as a lining and gives a polished appearance to 
the concrete. It serves to-provide a surface that is 
much smoother than any trowelled concrete. After 
stripping, the Vivac sheet is peeled off and re-used many 


times. =| 
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To the Editor of THE STRUCTURAL ENGINEER. ‘| 


Straub’s History of Civil Engineering 


Sir—With reference to Mr. P. M. Tezner’s letter in 
THE STRUCTURAL ENGINEER for August, 1953, I would 
like, in justice to Dr. D. S. Stewart, to point out 
that he did not, in his book on the subject, forget to 
mention Professor Winkler as the inventor of Influenc 
Lines ; the reference will be found at the beginning 
of Chapter 4. i 

Yours, etc., 4 

LESLIE GoRDON (Associate Member), 

Edinburgh. : 
August 13th, 1953. 


Mr. TEZNER replies : I wish to convey my apologies 
to Dr. Stewart, pleading—not as an excuse—but 
perhaps as extenuating, that his reference to Professor E. 
Winkler appears to be ill-placed at the tail end of a 
sentence naming three other authors not conned 
with influence lines, alike the whole chapter referred to. 

Owing to local conditions I had no exact knowledge 
of Dr. Hamilton’s illuminating lecture on History of 
Structural Analysis, covering an important part of 
Hans Straub’s book ; nor of the following discussion 
of the matter in the I.C.E. I should have referred to 
these in the letter to the Editor written in April last. 
I should have been particularly pleased to recor 
Dr. Skempton’s approval of Mr. Straub’s endeavour, 
referring to the, then, only available Basel edition 
mentioned in an annotation to the discussion, | 
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eg FORTHCOMING MEETINGS 


' The following meetings will be held at 11, Upper 
: elgrave Street, London, S.W.z1. 
e 


Thursday, November t2th, 1953 


: Joint Meeting with the British Section of the Société 
“des Ingenieurs Civils de France, at 6 p.m., when Monsieur 
“L. P. Brice will give a paper on “ Different Types of 
'Wharves and Maritime Structures recently executed in 
France.” 

_ A limited number of advance copies of the paper will 
e available and may be obtained on application from 
he Hon. Secretary of the British Sectién of the Société 
“des Ingenieurs Civils de France, Mr. W. R. Howard, 
{.I.Struct.E., 82, Victoria Street, London, S.W.1. 


Thursday, November 26th, 1953 
: _ Ordinary General Meeting for the election of members 
at 5.55 p.m, followed by an Ordinary Meeting at 6 p.m., 
when Mr. H. C. Husband, B.Eng., M.I.C.E., M.I.Mech.E. 
“(Member of Council), and Mr. K. H. Best, B.Eng., 
“AM.LC.E., A.M.I.Struct.E., will give a paper on “ The 


Reconstruction of a Soaking Pit Building.” 


Thursday, December 17th, 1953 


_ Ordinary General Meeting, at 5.55 p.m., followed by 
) Ordinary Meeting at 6 p.m., when Mr, W. Hamilton, 
mA. M.I.C.E., and Mr. G. P. Manning, M.Eng., M.I.C.E., 
will give a paper on.‘‘ Some Structural Uses of Alu- 
minium Alloy with special reference to Domes.” 


Thursday, January 14th, 1954 


j Ordinary General Meeting at 6 p.m., when Mr. S. J. 
rispin, L.R.I.B.A., M.I.Struct.E., will give a paper on 
‘Soil Stabilisation of Fine Materials.” 


Thursday, January 28th, 1954 


Ordinary General Meeting at 5.55 p.m., followed by 
‘an Ordinary Meeting at 6 p.m., when Mr. E. J. Callard, 

M.A., M.I.Mech.E., will give a paper on ‘‘ Design and 
‘Construction of a Welded Portal Frame Warehouse 
“Building, Designed by the Plastic Method.” 
_ Members wishing to bring guests to the Ordinary and 
Joint Meetings referred to above are requested to apply 
‘to the Secretary for tickets of admission. 


| EXAMINATIONS—JANUARY, 1954 


_ The Examinations of the Institution will next be 
held at centres in the United Kingdom and Overseas on 
January 5th and 6th (Graduateship), and January 7th 
and 8th, 1954 (Associate-Membership). ; 


EXAMINATION RESULTS. JULY, 1953 


4 : Home CENTRES 

_ The Examinations were held in July, 1953, at the 

‘Usual centres in Great Britain. One hundred and five 

candidates took the Graduateship Examination, and 

309 took. the Associate-Membership Examination, 
aking a total of 414. Of these, 55 passed the Graduate- 
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- ship Examination and 79 passed the Associate-Member- 


ship Examination. 
_ The names of the successful candiates are :— 


GRADUATESHIP EXAMINATION 

BARNEVELD, Tom Harris, BARTLEY, Raymond, Biss, 
Russell George, BRADLEY, Dennis, BRETT, Peter Ronald, 
BromicE, Keith Bernard, BuRNELL, Ian Derek, BurTON, 
Thomas Edmund, Carnan, Lewis Rippon, CHORLEY, 
Victor Wilfred, CLarK, John Alan, CONNELLY, Terence 
Joseph, CorBETT, Joseph Frank, CovERMAN, Sidney 
Harold, Cross, John Henry, Czoske, Jan Edmund, 
Dorey, Conrad Webster, Dunn, Horace William James, 
Ecwuatu, Gordon Chukwuka, ELLERINGTON, Charles 
Richard, FEAKEs, Gerald William Ernest, FREESTONE, 
Geoffrey, Hawkes, John Murray, HooxHam, Raymond 
Albert, Hunter, Kenneth, Ipowu, Charles Olatunji, 
JABLONSKI, Piotr, KaLnins, Janis Osualds, Kay, 
Terence, Kirpy, Norman, MorGAn-GREEN, Peter, 
Myers, Leslie Walter, Nasu, Alan Blake, Newsy, 
Ronald William, Parisu, Ancel, PINKNEY, John Dennis, 
PiviroTto, Witold, PrincLE, Alan, ReFritt, Michael 
John Joseph, SHARPLES, Kenneth, Sitper, Ronald 
Walter, Smart, Frederick Arthur, SMITH, Raymond 
Charles Henry, TaratuLa, Ryszard Leopold, THomas, 
David, Topp, Paul, UNDERWoop, Bernard George, 
Vickers, Rex Adrian, Wacner, Arthur Hiram, 
WELLINGS, Paul Eustace, WiLxs, Leslie Robert, Wrv- 
FIELD, Peter Frederick, Winc, Arthur James, WINGATE, 
Gerald, WooLLARD, Malcolm William Thomas. 


ASSOCIATE-MEMBERSHIP EXAMINATION 

ADASKO, Stanislaw, ANDERSON, Jack Ernest, BAILEY, 
John, Beck, Roy Cecil, BINDER, Paul Frank, Bonp, 
Derek, BOSWELL, Peter, BowERING, Brian Arthur, Brown, 
Cecil Allen, Brown, David Henry, BULLOcK, Leslie, Cops, 
Walter Clifford, Conway, Gerald Ernest, CoppeNn, Frank, 
CoRDING, John Stanley, CREIGHTON, Leslie, DICKINSON, 
John George, DrummonpD, Richard, Evans, Maurice 
Hambling, FARMER, Lawrence Theodore, FASEHUN, 
Ebenezer Olawanle Oladipo, GAUNT, Grenville, GAWLER, ~ 
Stanley William, Hatt, Thomas Robert, HANSEN, John, 
Hague, Mohammed Manzurul, HINDER, Stanley James, 
Hormes, Ian Miles, Hott, Hermann Paul, Hucerns, 
Raymond Arthur, JAcKson, James Keith, JosuI, 
Aravinda Vithal, KirkmMAN, Cyril John, KRarup, 
Anthony Charles, LEacu, Alan Brickett, Lewis, Frank 
Edgar, LoapsMAN, Roy Vernon Charles, LONGMAN, ~ 
Donald James, Lorp, Peter Bamford, MAcINTYRE, 
John Ross McDermit, Masters, Patrick Anthony, 
Mayo, George Edward, Mizrican, William Ramsay, 
MorrELL, Donald Beaumont, Morris, David Austin, ~ 
Murpny, William, OVERTON, Kenneth Albert, PARSONS, | 
Dudley John Francis, Power, Leslie Brian, PREECE, 
Stanley George, PuLLER, Malcolm John, PuN YIN 
Keune, Purvis, John Ferguson, Raz, Richard George, 
RaGcGeETt, Leonard John, RED icH, ‘Walter, RILEy, 
Thomas William, Ropinson, Ernest Arthur Feakes, 
Ross, Colin Forrester, Sampson; Derick Stanley Maxwell, 
SAWYER, Robert Arthur, SAYERS, Ronald Ernest 
Courtney, SCHOLNICK, Gabriel, SHIPPEN, Clive, SILHAN, 
Stanley George, Stimpson, Morrison, SLEE, John Penry, 
SMART, James Desmond, SMEDLEY, Granville Barrie, 
SomERSET, Francis Eyre, Spoors, Colin, Tate, Alan 
George, WALDEN, Kenneth Owen, WALKER, Charles 
Henry, WALMSLEY, John, Wartiz, Neville, WEBSTER, 
Stanley John, Wittcox, Leslie George, WRIGHT, Frank. 


334 fase Se Ds BN Whe SS tae oe 
MACLACHLAN LECTURE COMPETITION - 

The closing date for the receipt of entries for the 
MacLachlan Lecture Competition is Wednesday, March 
31st, 1954. Particulars of the competition are as 
follows : 

I. The Institution of Structural Engineers shall 
institute a written lecture to be known as the 
MacLachlan Lecture, and to be held annually. 

2. The subject of the Lecture may be on any aspect of 
Structural Engineering as long as in every second year 
the subject shall be confined to steel structures. 

3. Entrance into the competition for the Lecture shall 
be confined to Associate Members of the Institution, 
who are under the age of 32 years. 

4. All papers entered for the competition shall be 
submitted to assessors to be appointed by the Council 
of the Institution, and all such papers (including the 
prize-winning Lecture) shall be available for publication 
in the Journal of the Institution at the discretion of the 
Council. 

5. No paper submitted shall have been published or 
read elsewhere. 

6. The winner of the competition shall be required to 
present the Lecture to a meeting of the Institution at 
which he will be presented with the sum of £17 Ios. 

7. Should a competitor’s paper be considered worthy 
of ranking second in merit he will receive a consolation 
award of £5. 

8. In the event of there being no winner of the compe- 
tition in any one or more years, whether because no 
lecture submitted is considered to be of sufficient merit 
to warrant award, or for any other reason, the Institution 
shall transfer the above sums to the Research Fund of 
the Institution. 


PARTICULARS OF THE COMPETITION FOR 1954 


1. The MacLachlan Lecture will be given at a meeting 
of the Institution to be arranged towards the end of 1954. 

2. The subject of the Lecture shall be on any aspect 
of structural engineering. 

3. The work should be submitted as the script of a 
lecture which the author, if successful in the competition, 
will deliver before an audience in the course of about 
one hour. The development of mathematical formule 
and detailed calculations should be avoided as far as 
possible in the text ; if they are essential they should 
be embodied in appendices. Photographs, drawings, 
graphs, etc., which would appear as illustrations to the 
lecture in published form, should accompany the script. 
If additional illustrations would be shown as slides, a 
list of these should be included. 

4. Six copies of each Lecture should be submitted and 
should be addressed to the Secretary of the Institution. 

5. The closing date for the receipt of entries by the 
Institution is Wednesday, March 31st, 1954. 


_ LONDON GRADUATES’ AND STUDENTS’ SECTION 


The next meeting of the Section will be held at 11, 
Upper Belgrave Street, S.W.1, on Tuesday, November 
roth at 6 p.m., when Mr. J. F. 6: Pryke, B.A. will give 
a lecture on “‘ Underpinning.” In his lecture, Mr. Pryke 
will discuss underpinning generally, foundations on 
London clay, investigating London clay to find a suitable 
bottom, the apparatus used for testing soils and a new 
method of underpinning enabling long lengths of wall to 
be pinned in one operation. 

A meeting will be held on Tuesday, December 8th, 
when Mr. S. Turner will give a paper on “ The Founda- 
tion of an 8,000,000 cu. ft. Gasholder.”’ 

Lectures and “lecturettes ” by members of the 
Section are always welcome and any member wishing to 


: rend a paper Should: eanamuicate swith the H 


Secretary, J. F. S. Pryke, B.A.(Hons.), Bushorott, Slip 
Lane, Wormley, Herts. 


INTERNATIONAL ASSOCIATION FOR BRIDGE 
AND STRUCTURAL ENGINEERING 


The Executive and Permanent Committees of a i 
International Association for Bridge and Structural 
Engineering held meetings at Zurich on June 22nd- 25th, 
The President ‘of the Association, Professor F. Stussi, of} 
Zurich, was in the chair, and was supported by Mr, § 
Ewart $. Andrews, the British Vice-President, and) 
Monsieur L. Cambournac, the French Vice- President, : 
Sixty-seven members of the Committees were present, 
representing fourteen countries, the British members, in 
addition to Mr. Andrews, ee Mary Cares Chettoe, 
Mr. O. A. Kerensky, Mr. H. Shirley Smith, Mr. P. | 
Bowie, and Mr. F. S. Snow. 

Dr. Moritz Klonne, of Dortmund, was re-elected Vices 
President representing Germany, a po. he held 
before the war. | 

An invitation was received from Professor E. Torroja 
to hold the next Committee meetings in Madrid in 
September, 1954. Professor J. Balard da Fonesca, who § 
had invited the Association to hold the next Congress 
in Lisbon in 1956, was elected Vice-President. | 

The question of finance and the method of presentation 
of the publications were among the other matters 
discussed. 

On June 24th and 25th, the members visited the | 
engineering works over the Sustenpass and the hydro- | 
electric power’ stations at Oberhashi. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


The following meetings have been arranged :— 


Thursday, November 26th, 1953 


At the College of Technology, Manchester, 6.30 p.m. 
Three short papers by younger members of the Branch. 


Friday, December 18th, 1953 


Annual Dinner and Dance, at the Grand Hotel, 
Manchester. 


Tuesday, January 12th, 1954 

Joint Meeting with the Institute of Welding, Liverpool) 

and District Branch, at the College of Technology, 

Liverpool, at 7.15 p.m. A paper on ‘The Plastic 

Theory and its Application to Welded Structures,” will 

be given by a member of the staff of the British ee | 
structional Steelwork Association. 


Wednesday, January 27th, 1954 

Joint Meeting with the Institution of Civil Eigincea 
North-Western Association, at the College of Technology, 
Liverpool, at 6.30 p. m., when Mr. Edgar Morton, M.Sc., 
will give a paper on « Site Exploration and Foundation. 
Problems.” u 

Joint Hon. Secretaries : A. S. Sinclair, A.M.I.Struct.E., 
17, The Circuit, Cheadle Hulme, Cheshire ; M. D. Woods, 
A.M.1.Struct.E., 58, Spring Gardens, Salford. 


MIDLAND COUNTIES BRANCH 
The following meetings have been arranged :— 


Tuesday, November toth, 1953 


At the Supper Room, The King’s Hall (Queen Street 
Baths), Queen Street, Derby, 7 p.m., when Mr. E. 
McMinn will give a paper on “‘ Tubular Structures,” 


_ November 27th, 1953 


chitectural Association, when Mr. F. J. Samuely, 

c.(Eng.), M.I.Struct.E., A.M.I.C.E., will give a 
ser on “ Design and Application of Space Frames and 
Skin Structures,” at the James Watt Memorial Institute, 
Birmingham. 


ae 


a Friday, January 22nd, 1954 


= 


*) 


|) Hon. Secretary: L. A. Firminger, A.M.I.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 

e 
Ye 

e GRADUATES’ AND STUDENTS’ SECTION 


7 The following meetings have been arranged :— 

iS _ Monday, November 30th, 1953 

At the James Watt Memorial Institute, Birmingham, 
7.0 p.m. Mr. V. H. Lawton, M.I.Struct.E., on “ Plastic 
'Design.’”” 


oe 


Friday, January 29th, 1954 


_ Details to be announced. 

| All meetings to be held at the James Watt Memorial 
Institute, Great Charles Street, Birmingham, at 7 p.m., 
‘unless otherwise stated. 

| Hon. Secretary : H. L. Bramwell, 139, Wood Lane, 
Handsworth Wood, Birmingham, 20. 

ay / 

z NORTHERN COUNTIES BRANCH 

a The following meetings have been arranged :— 

5 Tuesday, November 3rd, 1953 


“on ‘‘ The Use of Structural Steel in Buildings.” 


Wednesday, November 4th, 1953 
The above meeting will be repeated at Newcastle. 


a Tuesday, December ist, 1953 


_ At Middlesbrough, Mr. H. C. Husband, B.Eng., 
M.I.C.E., M.I.Mech.E. (Member of Council), and Mr. K. 
Hy Best, “B.Eng.,. A.M.I.C.E., A.M.I.Struct.E., on 
“Reconstruction of a Soaking Pit Building.” 


: ' Wednesday, December 2nd, 1953 
_ The above meeting will be repeated at Newcastle. 


Wednesday, January Oth, 1954 


_ At Newcastle. Joint Meeting with The Northern 
Architectural Association. 
4 Wednesday, January 13th, 1954 
_ At Middlesbrough. Joint Meeting with the Institution 
of Civil Engineers. Mr. A. P. Clark on “ Lackenby 
Works.” 
_ All meetings commence at 6.30 p.m., the Middles- 
brough meetings being held at the Cleveland Scientific 
and Technical Institution, Corporation Road, and those 
at Newcastle in the Neville Hall, near the Central 
Station. cst 

Hon. Secretary : Captain O. Lithgow, A.M.I.Struct.E., 
4, Stoneleigh Avenue, Acklam, Middlesbrough. 


Meeting with the Birmingham and Five Counties 


At Middlesbrough, Mr. L. R, Creasy, B.Se., M.LCE., - 


. NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 


Tuesday, November 3rd, 1953 
Joint Meeting with the Northern Ireland Association 
of the Institution of Civil Engineers. Mr. Donovan H. 
Lee, B.Sc., M.LC.E., M.I.Mech.E., M.Am.Soc.C.E. 
(Member of Council), on ‘The Advantages and Dis- 
advantages of Structural Steelwork, Reinforced Concrete 
and Prestressed Concrete.” At 6.30 p.m. 


Tuesday, December ist, 1953 


Paper by Mr. R. J. N. Sweetnam, M.A., M.A.L., 
A.M.I.C.E. (Graduate). 


Tuesday, January 12th, 1954 

Details to be announced. 

Unless otherwise stated, meetings will be held at the 
College of Technology, Belfast, at 6.45 p.m., preceded 
by tea at the Overseas League premises, Wellington 
Place, Belfast, at 6 p.m. 

Hon. Secretary : A. H. K. Roberts, B.A., B.ALL., 
M.1.Struct.E., M.I.C.E.I., ‘Barbizon,’ 26, Dunlambert 
Park, Belfast. 


SCOTTISH BRANCH 
The following meetings have been arranged :— 


Tuesday, November 17th, 1953 


At Ca’doro Restaurant, Glasgow, at 6.0 p.m. Mr. 
V. H. Lawton, M.I.Struct.E., “ Examples of Structural 
Steel Design to B.S.449.” 


Thursday, December 3rd, 1953 


At Elite Hotel, Windsor Street, Edinburgh, at 6.0 p.m. 
Mr. James E. Richey, M.C.,-B.A., Sc.D., “ Alkali Re- 
action in Concrete.”’ 


Tuesday, December 15th, 1953 


_At Ca’doro Restaurant, Glasgow, at 6.0 p.m. Details: 
to be announced. 


Monday, January 18th, 1954 
At Ca’doro Restaurant, Glasgow, at 6.30 p.m. Details 
to be announced. Visit of the President and the 
Secretary of the Institution. 


‘Tuesday, January 19th, 1954 
Annual Dinner and Dance at Grosvenor Restaurant, 
Gordon Street, Glasgow. The President and the 
Secretary of the Institution will be present. 
Hon. Secretary: -G. Drysdale, A.M.1.Struct.E., 
“ Niaroo,’ 33, Union Street, Motherwell, Lanarkshire. 


SOUTH-WESTERN COUNTIES BRANCH 
The following meetings have been arranged :— 


Saturday, November 7th, 1953 
At the Duke of Cornwall Hotel, Plymouth, at 6.30 p.m. 
Chairman’s Address, by Colonel R. Hazzledine, O.B.E., 
T.D., M.I.Struct.E. The President and the Secretary 
of the Institution will attend the meeting, which will be 
followed by a Dinner to mark the Coronation Year. 


Friday, December 11th, 1953 


At Exeter, at 7.0 p.m. Mr. H. J. Scoles, L.R.I.B.A., 
M.1.Struct.E., on ‘“‘ Gap Graded Concrete.” 


Friday, January 15th, 1954 ; 
At Newton Abbot, at 7.0 p.m. Mr. C. J.' Woodrow 
(Graduate) on “ The Tamar Bridge Proposal.” 
Hon. Secretary : E. W. Howells, M.1.Struct.E., 10-12, 
Market Street, Torquay. 


WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged :— 


Wednesday, November 4th, 1953 
At Swansea. The Chairman, Dr. A. A. Fordham, 
M.I.Struct.E., A.M.I.C.E., will give an Address entitled 
“ Research Work in Soil Mechanics at the University 
College of Swansea.’’ The Address was given at Cardiff 
on October 28th. On this occasion the Address will be 
followed by a discussion. 


Saturday, November 7th, 1953 
At Colwyn Bay. The Chairman’s Address will be 
repeated and will be followed by discussion. 


Monday, November 30th, 1953 
At Cardiff. Joint Meeting with the Institute of 
Welding, Mr. S. M. Reisser, B.Sc.(Eng.), M.I.Struct.E., 
A.M.I.C.E., on ‘“‘ Recent Developments in Welded 
Structures.”’ 


Tuesday, December 8th, 1953 
At Swansea. Meeting followed by films. 


Tuesday, January 26th, 1954 
At Cardiff. Structural Quiz. 


Wednesday, January 27th, 1954 

At Swansea. Structural Quiz. 

Meetings at Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, at 6.30 p.m. 

Meetings at Swansea will be held at the Mackworth 
Hotel, at 6.30 p.m. 

Meetings at Colwyn Bay will be held at the County 
Buildings, at 6 p.m. 

ilon, = Secreiary’:  G. <Rs Brueton, s GA.M.T.CE.; 
A.M.LStruct.E., 2, Celtic Road, Gabalfa, Cardiff. 


WESTERN COUNTIES BRANCH 


Fnday, November 6th, 1953 
“Combined meeting with the Institution of Civil 
Engineers. Professor A. G. Pugsley, O.B.E., D.Sc., 
F.R.S., M.LC.E., F.R.Ae.S. (Vice-President), on “ Sus- 
pension Bridge Development illustrated by some 


Bristol Avon Bridges.” 


Theory of Perfectly Plastic Solids, by W. Prager 
and P. G. Hodge, Junr. (New York : Wiley ; London : 
Chapman & Hall, 1951.) 6in. x g}in., pp. 264. Price 
$5.50. 

This essentially theoretical work, which except for 
illustrative purposes does not attempt to apply the 
theory to practical problems, will be primarily of interest 
to. research workers. It provides an introduction to 
the broad field of plastic theory underlying modern 
conceptions of structural failure whether in the realm 
of soil mechanics or frames, and to quote the authors, is 
not an exhaustive treatise on the theory of plasticity but 
rather an introduction at intermediate level to the theory 
of perfectly plastic solids. It neglects such phenomenon 
as strain hardening, but due to this severe limitation in 
scope the authors are able in a concise text-book to cover 


Southdown Road, Westbury-on-Trym, Bristol, 9. 


, A.M.1.Struct.E., P.O. Box 3306, “Johannesburg. Ducal 
week- -days Mr. Tait can be contacted in the City En- 


Review 


pada iW adanaber ie 70573 a i 
Mr. L. Scott White, O.B.E., M.I.C.E. (Past Pesca ) 
on “‘ Moving King Henry VIII’s Wine Cellar, Whiteha. 


Friday, December 4th, 1953 
At the Royal Hotel, Bristol. Combined Dance. 


’ Friday, January 8th, 1954 
Mr. A. J. Harris, B.Sc.{Eng.), A.M.LC.E., 


Prestressed Concrete Beams.”’ 
Unless otherwise stated, all meetings will be held ; : 1 
the University of Bristol Geology Lecture Theatre, at | 
6.0 p.m., preceded by tea at 5.30 p.m i | 
Hon. ‘Secretary : E. Hughes, A. M.1Struct.E., | 


YORKSHIRE BRANCH 4 
The following meetings have been arranged :— “| 
Wednesday, November 18th, 1953 2 


Mr." “A. °J.> Harris; “B.Se{Eng\)— AMAA Eee 
“Prestressed Concrete Beams at London Airport.” 


isi ede 


Wednesday, December 16th, 1953 


Mr. W.N. Espie, A.M.I.Struct.E., on ‘“ The ie | 
of Bulk Cement.” 


Wednesday, January 20th, 1954 ‘| 
Mr. H. C. Husband, B.Eng., M.I.C.E., M.I.Mech.Ey 
(Member of Council), and ue Kee Best, B.Eng 
A:MLG ED VAM EStrictg she Reconstruction 
ofa Soaking Pit Building.” | 
The above meetings will be held at the Great Northern 
Hotel, Leeds, at 6.30 p.m. 
Hon. Secretary : E. Wrigley, A.M.I.Struct.E., 17, The 
Drive, Alwoodley, Leeds. 


UNION OF SOUTH AFRICA BRANCH 
Branch Hon. Secretary : ALE, Tait) BiScy A, Mie BE, 


gineer’s Department, Town Hall, Johannesburg. ’Phone; - 
34-1111, Ext. 257. : 


Natal, Section, Hon. Secretary: E. G. Bennet 
A.M.I.Struct.E., c/o The Reinforcing Steel Co., Ltd., i 
P.O. Box 49, Merebank, Durban. | 

| 


Cape Section, Hon. Secretary : R. Stubbs, M.I.Struct.E. 
The Reinforcing Steel Co., Ltd., P.O. Box 2692, Cape 
Town. ‘ 


il 
2 


briefly the fundamental conceptions relevant to a true | 
understanding of the recent work on structural failure. | 
After introducing the basic concepts of the plastic — 
theory the elastic plastic behaviour of a simple truss 
and beam are now examined from the theoretical aspect, — q 
and this is followed by a chapter on torsion which forms — 
an introduction to the general theory of plane strain. 
Examples of incipient and steady plastic flow, which 
indicate possible applications of the theory, are then 
outlined, and after considering limit analysis, the use of 
extremum principles is discussed. The inclusion of 
problems in an excellent advanced text-book of this 
nature, which does not shrink from the use of advanced 
mathematics where necessary, does however appear 
unnecessary. 


AD RisG: 


nS Synopsis 

A record of the design, development and construction 
the first long-span aluminium domes by the two 
engineers who were solely responsible for them. Their 
‘experiences in dealing with the first dome, which was 
‘the lightest structure in the world and with the first 
‘oil tank roof which was the largest all-welded aluminium 
‘structure in the world.: 


a Ls 


be Introduction 


_ This is in no sense a collection of information but an 
‘account of personal experiences and personal reactions. 
‘General conditions are only discussed in so far as they 
‘clarify or explain the main subject-matter. 


at Sale 


pretts 


BY Choice of Alloy. Aluminium may be alloyed with 
‘small percentages of copper, iron, magnesium, man- 
'ganese, nickel, silicon or zinc. There have been several 


‘different nomenclatures for each standard alloy and 


E rdening, others by heat treatment. Add to this that 


Fig. 1.—Reduction furnace 


“sections may be produced by extrusion, by rolling or by 
‘drawing, and the engineer wishing to gain his first 
experience of aluminium as a structural medium is faced 
with a bewildering array of letters, figures and processes. 
To, avoid this, only one alloy will be described here at 
‘the outset. The most popular alloy at the moment for 
‘structural sections is one containing silicon (about 
“r per cent.) and magnesium (about } per cent.) double 
and most of the structural sections 


B.S.1476 : 1949 as HEroWP. 

_ It has the following mechanical properties. 
0.1% Proof Stress typical 318 tons per sq. in. 
Z sep, puaranteed 2.05 pos os a 


Biss ae vead before the Instit::stion of Structural Engineers at 
‘11, Upper Belgrave Street, London, S.W.1, on Thursday, December 
‘17th, 1953, at 6 p.m. ; 


some alloys may be artificially strengthened by work- . 


Mie Structural Uses of Aluminium 
_ Alloy with Special Reference to Domes” 


By ‘W. Hamilton, A.M.I.C.E. and G. P. Manning, M-Eng., M.1.C.E. 


Ultimate Tensile typical 20 tons per sq. in. 


guaranteed 18 ,, 
typical 13% 
guaranteed 10% . 
9,500,000 lb, per sq. in. 
14 tons per sq. in. 

20 tons per sq. in, 

36 tons per sq. in. 

18 tons per sq. in. 


”? ” 


Elongation on 2-in. 


Elastic Modulus ... 
Ultimate Shear Stress ... 
Bearing Yield Stress 
Ultimate Bearing Stress 
Compressive Proof Stress 


A description of the method of measuring the first 


three of these values is given in B.S.1476. The last four 
items are described in Appendix A. 


DIE HOLDER 


DIE HELD IN 
DIE HOLDER 


; pg EEE 


HEATED 
BILLET 


HEATED 
CONTAINER 


FOLLOWER 
PLATE 


EXTRUDED 
SECTION 


Fig. 2.—Principle of operation of the extrusion press 


B.S. 1476: 1949. This is one of a series numbered 
1470 to1477 and 1490. Unfortunately this B.S, repeats 
the fundamental fault of B.S.15 (Mild Steel) in failing 
to specify any minimum properties in compression. 
Regrettable as this lapse may be in B.S.15 it is still more 
deplorable in B.S.1476, since the relatively small elastic 


Fig. 3.—Diagram of ante-chamber die 


A. Back view. B. front view. 


modulus of aluminium militates strongly against its 
use for compression members. Since this paper deals 
mostly with shallow domes, which are basically in 
compression, the vital nature of this omission will be 


apparent. Whether the issuing of the present spate of 


passing a shaped steel mandrel through this hole. 


Pree ts 
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British Standards is a blessing or a curse to the industry | 
is a point open to argument. 


Production of Structural Sections in HE10WP 


Despite the vast amounts of aluminium in clays and 
allied rocks, extraction is only commercially possible 
from bauxite. Alumina (aluminium oxide) is prepared 

from bauxite and is reduced in electric furnaces (Fig. 1) 
to give a metal which is about 99.0 per cent. pure 
aluminium. This is alloyed with silicon and magnesium 
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Fig. 5.—Compression 


_ to give the specified composition and cast into cylindrical 
billets to suit the diameter of the extrusion press (Fig. 2). 
Presses up to 15-in. diameter are in use in this country 
and any section which will fit inside such a circle (e.g., a 
12 in. X 5 in. joist) may be produced. Hollow sections 
_ may be made by machining a hole through the billet and 
The 
section shown in Fig. 13 was actually produced by this 
process. Apart from the cost, when a complicated 
section is required this method has certain technical 
difficulties and hollow sections are now made alter- 


natively by using a bridge die as in Fig. 3. | 


The bl 
is heated to about 500° C. before extrusion commences. 
This, and the heat generated by forcing the plastic ¥ 
metal through the holes, causes it to reunite after 

passing through the holes in the primary part of the die, ¥ 
thus giving a hollow section with continuous walls, 
Unfortunately, this re-uniting is not always complete 
and a small percentage of early hollow extrisionl 

showed lines of weakness. This would be a matter of 
great concern in the design of small Hamman type _ 


domes, since small hollow sections are used. Fortunately, — 
the considerable strains produced by curving the ribs — 
pick out any weak specimens. Out of the material for 
half-a-dozen domes some three ot four lengths of tube, on 
being passed through the curving rolls, disintegrated into 
four separate angles. 4 
After leaving the press the sections may not be — 
straight. The smaller ones may be stretched into line _ 
and the larger ones passed through straightening rolls. _ 
The metal is still in the soft state with a tensile strength _ 
of about 8 to Io tons per sq. in, It is next heated to — 


out 45 minutes and then quenched in 
_ Itis still soft but after standing at normal 
erature for some days its strength reaches 
is per sq. in. It is now again heated to 175°C. 
Tg ut five hours and allowed to cool, this second 


eat treatment finally increasing the tensile strength to 
-20 tons per sq. in. The letters and figures HEroWP 


describe these processes as follows :— rie: 

/ means an aluminium-silicon-magnesium alloy within 
_ the limits of B.S.1476. 

1 means that this alloy is amenable to heat treatment. 
E means that it is in the form of an extrusion. 

V that it has undergone the first (Solution) heat treat- 
ey ey ment. ; 

P that it has also undergone the second (Precipitation) 
heat treatment. ; 


& Mechanical Properties of. HE10WP 


' Figs. 4 and 5 show typical tensile and compression 
tests. From these a practical limit of ‘proportionality 


Plane of Sheeting 


ssumed. Cheha! A . 
“safe stress of 17,500 lb. psi is indicated for this 


cimen but as a downward variation of Io per cent. is 
wed (see B.S.1476) this would become 15,700 Ib. 


De “ad 
The L.U.D, A = ——— 
; I,090a 
where L = equivalent round-ended length. 
a = overall depth of section. 


Fig. 6.—Aluminium shuttering, footbridge, etc. 


I LN\2 
L.U.D. factor = I + ——— =) ) 
2,180 k 
Standard Structural Sections to B.S.1161 


This British Standard has been attacked on the 
ground that an engineer, having for years been limited 


Fig. 8.—Tenon joint in square tube 


to the standard rolled sections for structural steelwork, 


may subconsciously assume that his choice of aluminium 


structural sections is limited to those shown in this B.S. — 
The cost of a new die for any non-hollow section is quite 
small. Not only is it easily possible to have angles, 
channels and joists with non-standard thicknesses and 


non-standard widths, but entirely non- standard shapes _ 


such as the “ top- hat ” may just as easily be extruded. 
With an expensive metal such as aluminium, the use 
of any over-size section is most uneconomical and the 
design of individual sections to meet every individual 
case (as in reinforced concrete) is urged. From this 
point of view the criticism is legitimate, but firstly the 
tabulated values for J and Z are a great help in choosing 
a preliminary standard section which may then be 
modified to suit a particular case. Secondly, it is 


Fig. 9.—Butt joint between tubes 


unreasonable to avoid using a section merely because 
this resembles a standard steel section. Lastly, if a 
small amount of section is wanted quickly it is much 
cheaper to take an over-strong standard section than to 
incur the expense and delay of obtaining a special die. 


Workshop Characteristics of Structural Alloys 
___ Apart, from an occasional sharp corner on the sheared 
edges of plate, aluminium alloys are easy to handle 
and machine. The surface will take a pencil line and 
centre-punches clearly. The metal drills and machines 
best at higher speeds than those suitable for mild steel. 
It is easy to handle and quite sizeable jobs (e.g., 40 ft. 


Vesey 


Fig. 10.—Hollow tube sections 


Fink trusses) can be put together in a small shop without 
overhead mechanical lifting appliances and without 
radial drills. , 

Tolerances in thickness and shape are greater than in 
steel sections. Angle sections tend to be less than go°. 
_ These variations are not sufficient to create any diffi- 
culties in normal structural work, although they are 
‘important in dome fabrication. It is possible to have 
them reduced by re-rolling or re-drawing but the process 
is expensive and the authors have not seriously con- 
sidered it. 


Welding Aluminium Alloys 
_ Some of the structures described were welded by 
Argon- -arc and some by the Murex process. One of the 


difficulties af welding aluminiom 1 is ; its ver 


higt 
conductivity. This makes” it very difficult to 
very thin member to a thick one, for the thicker 
conducts away the heat so quickly that the thinner 
melts before the thicker one reaches welding heat. T. 
may be overcome by heating the thicker members 
bunsen jets. But the most serious drawback to weld 
heat-treated alloys is the reduction in strength cau 
by the welding heat. The strength of HEr1oWP wh 
fully annealed drops to one-third and all importa 
welded work must be a by testing specimen weld 
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became a problem. 


Bolted and Riveted Joints 


There are several systems of riveting which ar “| 
satisfactory for fastening sheeting to main members. — 

The simplest way of assembling light structures suc 
as roof trusses is by sherardised steel bolts. 

It is surprising that assemblage of light and mene um 
structures by aluminium rivets has not been more widely 
sosloecek Rivets of 165 alloy 4 in. diameter in double” 
shear i in + in. HEroWP flats fal at 5 tons each, Thea 
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Fig. 12.—10 ft. x 10 ft. 16- -gauge sheet loaded with 
16-in. sand 


may be closed by PaCInarC hammer or by a 20-25 ton 
squeeze. Rivets # in. diameter failing at 1x tons each — 
could be closed by a 4o0-ton squeeze. They must, of 
course, be closed cold. Drilling for these rivets must be — 
clean and accurate and only slightly over size (say & 
+1/32 in.). To give a neat head the length. of rivet — 
must be carefully chosen. 

Fancy types of rivet head that need less closing hav < 
been Ae ePee but this seems rather begging a eles 


be easily dealt with by a little initiative on 
of any well-equipped structural shop. Some 
t of each sherardised bolt or washer is unavoidably 
ripped of its zinc coating when being screwed up tight 
sting commences. : 
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Fig. 14.—Above—Half elevations 
Below—Half developed plans 


Aluminium alloys do not make smooth running 
threads like mild steel and aluminium bolts are a bit 
icky.” Bolts in the softer alloys may be used to 
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assemble very light work but bolts in the very strong’ 
alloys are expensive and seem very difficult to obtain. 


Long Span Aluminium Domes—History | 

Most new forms of construction are arrived at by 
successive small extrapolations from existing and 
established forms. During this process many engineers 
take part and share between them the ultimate credit. 
Long-span aluminium domes provide a complete 
contrast to this general state of affairs. The Hamman 
method of construction is not in any way based on any 
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Cutters 125 thou. %size 


Fig. 15.—Standard tenon cut 


preceding method. The final details of the first long- 
span dome were worked out at the outset and adhered to 
throughout. Only two engineers had any hand whatever 
in the design, development and construction of the first 
dome which was so essentially correct that identical 
details were followed for six further domes. As far as 
the authors can ascertain no form of construction 
resembling an aluminium dome had been attempted 
or even contemplated before the first Hamman dome. 
was completed and any credit there may be for this 
form of construction must therefore belong to them 
alone. 

Mr. Hamilton in 1946 developed and patented a 
method of shuttering for reinforced concrete and used 
HEr10WP for the structural parts thereof (Fig. 6). This 
led to various other small uses (Fig. 6). In 1945 Mr. 
Frank Tipler, M.I.M.E., suggested to Mr. Hamilton that 
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Fig. 16.—Joints mating 
Lines A-A show correct direction of approach 
Lines B-B show actual direction of approach 


the roofs of sour crude oil tanks could be built in alu- 
minium alloy. On November 30th, 1945, the authors 
met, and Mr. Hamilton suggested that such roofs could 
be built as shallow domes. The sketch which he then 
made is still in existence. 

Some engineers have hazarded a guess that the 
Hamman arrangement of members was worked out on 
some complicated theory of stress distribution. Others 
have guessed that it was based on some preceding type. 
Both guesses are entirely wrong. The reason for its 
adoption was much simpler and much more elementary. 
It was clear at the outset that the cost of the metal 


would be a vital factor and that thin sheeting was 


essential if the cost were to be kept within reasonable 
limits. As these domes would need to be vapour-tight 
some simple arrangement of sheeting was necessary or 
the difficulties of making a vapour-tight joint at the 
corners where individual sheets overlapped might prove 
insuperable. It was clear that the sheeting would be 
strongest and simplest if all the panels could be made 
square, and it was this idea alone that led to the Hamman 
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Fig. 17._Complete 82 ft. 6 in. dome packed on lorry 


framing. Curiously enough, when the first vapour- 
tight dome came to be built the difficulties of over- 
lapping sheets was circumvented and did not arise. 


Principles of Hamman Construction 
The original idea had been to make a grid of members 
square on plan, each rib consisting of a circle lying in a 
vertical plane. This would have meant that the radius 
of curvature of the ribs would vary. When the first 
idea of using circular tubes was abandoned a further 
difficulty arose, for this arrangement made it impossible 
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Fig. 18.—End adjusting screw 


to use square section tubes since their upper surfaces 
would lie always in a horizontal plane and not in the 
plane of the sheeting (see Fig. 7). Both these difficulties 
were overcome by locating all the ribs on two series 
of great circles. 

If we draw the whole sphere of which our dome is a 
part and refer to the crown of the dome as the north pole, 
then one series of ribs passes through the points (lat. 0°, 
long. 0°), (lat. 0°, long. 180°), the other series passing 
through the points (lat. 0°, long. go°), (lat. 0°, long. 270°). 
As our dome is only a small part of the complete sphere 
the amount by which the ribs approach one another is 
small and.the panels of sheeting are all apa, 
square and of approximately the same size. 


_ since the exact shape of the top of such tanks may V: u 


Since hee dames may ise used to oot steel fails 


from a true circle, it was decided to supply scr 
adjusters at both ends of all ribs (see Fig. 18). 


another. But ina Sane surface the design of such 
a joint is a three-dimensional problem and its exa 


Fig. 19.—Erection of first ribs 


fitting raises doubts and difficulties. It was therefaal 
decided to make the ribs as far as possible continucus — 
from springing to springing. Actually, half each rib 
runs through every joint, the ribs passing one another — 
by double tenon cuts milled out of each (see Fig. 8). 
It is, of course, not practicable to fabricate or transport — a 
ribs over 80 ft. long and they are cut into lengths of — 
about 20 ft., but the joints between these 20 ft. lengths — 
are kept clear of the points of intersection and consist — 
of plain square butt joints strengthened by inserting a 
smaller tube inside the main one (see Fig. 9). 
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Fig. 20.—Detail at thrust ring 


To recapitulate, the main points of the Hamman dome — 
are :— 

I. Simple square panels of sheeting all one size and 
interchangeable. 

2. All ribs on great circles. 

3. Adjusting screws at all bearing shoes. 

4. Ribs continuous through intersection points. 

5. None of the major loads are carried throws bolted, 
riveted or welded joints. 

The construction is patented. 


Dimensions of Prototype Roof. 
The first dimensions suggested for a prototype dome 
were 80 ft. plan diameter and 6 ft. rise. This latter was — 
increased to 7 ft., giving a rib radius of about 117 ft. | 


bs at exac ly roo ft., which further increased the rise to 
bout 8 ft. 4 in. It was finally decided to increase the 
diameter to 82 ft. 6 in., which made the final rise 
it 8 ft. rr in., or nearly one-ninth of the span. It 
was hoped to obtain sheets 6 ft. wide but only 5 ft. sheets 
sre forthcoming and the basic spacing of the ribs was 
herefore fixed at 5 ft. centres. 
_ It was first suggested that the ribs should be 3 in. 
ameter tubes but difficulties of jointing the tubes to 
é another and difficulties of attaching the sheeting 
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_ square tube had been decided on. At first the makers 
supplied one with a circular hollow as Fig. 10 but were 
_ later able to supply one with a square hollow, and this 


It was decided to use 16 gauge sheeting and although 
subsequent tests showed that 18 gauge was strong 
- enough for all normal roof work the thicker sheets are. 
_ easier to rivet or weld and sag less in the centres of the 
_ panels. (See Fig. 12.) 


a Design and Development of the Prototype Dome 
' _In the design, fabrication and erection of lattice domes 
_ a number of problems arise. Some of these may be 
solved :— 

(x) By theory. 

(2) By experiments on models. 

(3) By tests on full-scale members. 

(4) Only by tests on a full-scale complete roof. 
__ Method (2) was ruled out as small sections of HE1oWP 
_ were unobtainable and the construction of a small model 
_ of such a light structure (the main ribs of a model 40 in. 
_ diameter would be only 0.1 in. x 0.1 in.) entailed such 
difficulties that the result could not be said accurately 

to resemble the full-scale roof. . 

_ Methods (1), (3) and (4) are described in the following 
_ paragraphs. 
_ Elementary Theory of Uniform Dome Symmetric- 
ally Loaded 
_ Any surface of revolution about a vertical axis 
_ supported on a horizontal thrust ring may, if sym- 
_ metrically loaded by distributed loads, be regarded as 
_ supporting itself by purely direct tension or compression. 
mei big;. TI.) 
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decided to fix the radius of curvature of the ’ 
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The unit compressive stress on a thin spherical 
dome of thickness ¢ and uniform weight w is :— 
wr 
(a) Towards the pole 
(I-+cos 8) ¢ 
(b) Round the lines of latitude 
wy I —cos @ —cos*6 


t I-+cos 6 
where y = radius of sphere. : 
angle measured down from the pole. 


an) 
I 


The stress (a) increases as @ increases and is greatest 
round the edge of the roof. 
The stress (b) decreases as @ increases and becomes zero 
when 6 = 51°—48’, 
In the first dome actually erected at Sheerwater 
f=" 200) -it: 
plan diameter = 82’ 6”’, 


Fig. 22.—Sheeting prototype dome 
wr 
maximum value of stress (a) = ———— 
I.giit 
maximum value of 6 = 24°—22’. e” 
wr 
maximum value of stress (b) (at pole) = — 
at 


If w = 30 lb. per sq. ft. and if all the compressive thrust 
is taken by ribs spaced at 5 ft. centres 


3H 


; 30 X 106 
maximum thrust per rib = —M——— 5 = 
I.QII 7,850 Ib. 
(34 tons) 


7.850 


Tension in supporting ring = X O.QII X 41.25 


5 
-== 59,000 lb. 


Approximate Calculation of Local Stress due 
to a Concentrated Load 


The properties of the 24 in. x 24 in. tube are :— 


a = overall depth == 52.5,.40:, 
area a> STAC Se, An: 
Z modulus of section so Oh INSe. 
R = radius of gyration 0.9.10. 


Assuming that in addition to the general loading of 
30 lb. per sq. ft. one bay of rib carries also an additional 
load due to men walking on the roof and that this may 
amount to a load of 500 lb. spread along 5 ft. 

Before the loaded rib can spread this overload to the 
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Fig. 24.—500 ft. dome 


other ribs it must span 5 ft. as a continuous beam. The 
loading will tend to flatten the rib. Following the 
L.U.D. Method with a factor of 2 on the limit of propor- 
tionality, the effective value of the flattening cannot 
exceed the L.U.D. and will be partly offset by the 
present upward camber. 


ee 60 x 60 
L.U.D. (Downward) = = ——— = 081 in. 
e . 1,790a 1.90 X 2.5 
Camber (Upward) 0.375 in. 
0.435 in. 


Moment due to additional load 


= 500 X — X 12 = 2,500 lb..in. 
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Fig. 23.— Test loading prototype 
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Plus 


= 4,520 Ib. per sq. in. 


9,260 lb. per sq. in. 


Wrinkling Stress of a Thin Sphere 4 

The point at which a long straight column becomes | 
unstable under purely axial load was established by — 
Euler many years ago. The point at which a uniform © 


Fig. 25.—Pitfodels dome-fixing sheeting 


circular ring becomes unstable under uniform external 
pressure is also known but the point when a uniform 
spherical shell becomes unstable under uniform external 
pressure has apparently never been determined either by 
calculation or by experiment. 

This factor alone made the construction of the first 
dome a hazardous operation. 


Tests on Full-scale Members of Prototype 


A panel of sheeting 5 ft. x 5 ft. consisting of 16 gauge 
sheet of M57S?H alloy was fixed to a frame which ~ 


'visible permanent distortion, 
already five times the design load the test was carried no 
further. 


rs 


‘December, 1953 


supported all four edges, and loaded with sand to 


120 lb. per sq. ft. plus 400 Ib, point load without any 
As this loading was 


Fig. 26.—Tipperary dome 


A later test on a larger sheet is shown in Fig. 12. 

_ On April 15th, 1946, two compression tests were 
made on straight lengths of 24 in. x 24 in. tube with 
2} in. diam. hollow. 

The first on a plain length of tube 6 ft. long failed at 
28.3 tons equal to 11.9 tons per sq. in. The second on 
a 6 ft: length of tube with a cross tube tenoned in at mid- 
length failed at 25.88 tons or 10.9 tons per sq. in. (Fig. 13). 

On May 23rd, 1946, a further test on a 6 ft. plain 


“length of 24in. x 24 in. tube with 24 in. x 2} in. hollow 


failed at 23 tons or 13.61 tons per sq. in. 
In view of the fact that the calculated thrust was 


“only 33 tons these tests were considered satisfactory. 


Detailing of Prototype Roof 
The calculation of the exact points of intersection 
is a rather long-winded application of spherical trigono- 
metry. Starting with spacings of 5’—o’’ on the. two 
centre ribs a minimum of 4’—7.1'’ is reached in the 


~“corners’’ of the dome framing. The angle of inter- 
section varies from go° on the centre ribs to a maximum 


of 94° 52’. 


: 


, 


_ expensive. 


| 


One of the working drawings is reproduced 


Fig. 27.Toronto dome 


in Fig. 14. The exact location on the thrust ring of the 
_ bearing shoes at the ends of the ribs was calculated but 
this information was not required. Although the 
dimensions of the sides of the panels never exceed 
5 ft. x 5 ft. the diagonal increases and exceeds 5 / 2 sii 
_on lines at 45° to the main axes. 


Fabrication of Prototype Roof 


The curving of the main ribs was sub-let and proved 
For later roofs a home-made three-roller 
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curving machine was “ designed” and put together. 


Driven by a small motor, it curved the tubes quickly, 
accurately and cheaply, 

The double tenon joints were cut by a double milling 
cutter mounted on a radial head and here a decision 


Welds 


y 


275 °lo loss 


«No loss. 


No loss 


Fig. 28.—Reduction in strength due to welding heat 


had to be made. There were variations of several 
thousandths in the overall width and thickness of the 
tubes and the sides tended to be slightly concave. 
Finally the standard cut shown in Fig. 15 was decided on. 


Erection of Prototype Dome 


Now that the strength of the Hamman dome has been 
so firmly established it is easy to discount one’s early 
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Fig. 29.—Dingle Dome showing braced thrust ring 


anxieties. Owing to delays beyond the authors’ control, 
two years elapsed before the first dome was actually 
built. It was, as far as could be ascertained, the lightest 
structure in the world. Its method of construction 
was new and a complete break with traditional methods 
of constructing metallic framework. The material was 
only just coming into structural use and its ductility 
(r0-13 per cent.) was less than that of mild steel. How 
close the structure was to the critical wrinkling stress 


was (and still is) unknown. As it was essential that 


all the material used should be salvaged and re-used 
only temporary fastenings could be employed. A little 
comic relief was supplied by “‘ experts ’’ who prophesied : 

(a) that the dome would burst and fly over the sur- 
rounding trees, 


(b) that it would disintegrate due to internal tem- 


perature stresses. 
Although the coefficient of expansion of aluminium 
alloys (about 0.000023 per 1°C.) is more than twice that 
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Fig. 30.—Main rib and (right) joint filler piece 


of steel its elastic modulus is only one-third, so that 
although there is greater temperature movement there 
is less temperature stress than in a similar structure of 
mild steel. 

The following difficulties were anticipated :— 

I. The exact setting out of the bearing shoes on the 
thrust ring would be difficult. 

2. The fact that the ribs were not curved exactly to 
100 ft. radius would lead to serious distortion of the 
dome. 


Fig. 31.—Eastbourne—Erection of main ribs 


3. The fact that the ribs were in long lengths made it 
impossible for each joint to approach its mating joint 
radially as it must do if it is a push fit (see Fig. 16). 

These three difficulties proved to be non-existent. 

1. It is only necessary to set out the four shoes at 
the ends of the two centre ribs, As the remaining ribs 


are erected the shoes are brought up to their ends the 


erection of the ribs automatically setting them o 
correctly. sites, ee . aay 
2. If the lengths and angles are correctly set out 


Fig. 32._Eastbourne—Erection of secondaries and 
sheeting commencing | 
‘ | 

3. The ribs are sufficiently flexible to be twisted by | 
hand to engage the mating joints. = | 
Successive stages in the erection of the ribs and | 
sheeting of the dome are shown in Figs. 17 to 22. The | 
sheeting was fastened by small steel drive-screws. For | 


permanent work both Chobert rivets and Linread 
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“ Rivnuts ” were used. There are now on the market 
several types of ‘‘ blind ” rivet which may be successfully 
used. | 
When the erection of the ribs was complete and before 
sheeting commenced, attempts were made to apply a 
little pre-stressed compression to them by tightening up 
‘ 


“= 


1 screws. This proved a complete failure. The 
of the dome merely bulged upwards and the 
ening of any one screw merely lifted the ends of 
wo adjoining ribs out of their bearing sockets. 


_ Testing of Prototype Dome 
oading of 30 lb. per sq. ft. had been rather vaguely 
cified and the dome was accordingly loaded with a 
er of brick which, when wet, approximated to this 
re. - The loading was laid in rings commencing from 
thrust ring and finishing at the crown (see Fig. 23) 


temperature movement. The final deflection at the 
“crown under full load was about i in., the maximum 
combined load and temperature movement being about 
1.8 in. : 
 Feeler-gauge measurements of the tenon joints after 
loading showed maximum gaps of the order 0.008 in. 

_ Later, this dome was subjected to various arrange- 
Pments of partial loading. Strain gauge readings indi- 
‘cated that the stress nowhere exceeded 9.333 lb. per 
sq. in. under any arrangement of loading. 


Deductions from the Construction and Test- 
ss: loading of Prototype Dome 

After careful consideration of all the processes involved 
in the fabrication and erection of this roof and after 
further calculations, the following were established :— 
1. Domes on the Hamman principle may certainly 
% built up to 500 ft. diameter. (See Fig. 24.) 

: 


2. They may probably be built to 600 ft. diameter. 

3. They may possibly be built to 800 ft. diameter. — 
4. The distribution of stress in a latticed dome is 
extremely susceptible to small variations in the fitting 
of the joints between the members and between the 
‘members ‘and the thrust ring. Small tolerances in 
either of these items may mean a variation of — 100 
poe to +200 per cent. in the calculated load carried 


y any one rib. 


» 


: 
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In the design of latticed domes these two points are 


the vital and overriding considerations. Unless and 


until they are fully understood and unless and until 
active measures are taken to deal with them all attempts 
at mathematical analysis of the stresses in the dome 
are meaningless and misleading. It is interesting to 
note that the authors’ engineering instincts led them 
at the outset to deal with these two points although 
there was no very evident reason for so doing until after 
the main ribs of the first dome were erected. 
The most immediate and important requirement in 
theory is some fairly accurate method of calculating 
the critical wrinkling stresses as it is on this point that 


Fig. 33. Eastbourne— Riveting “ closers ” 


the possibility of still further reducing the sections of 
the main ribs depends. 


Pitfodels Dome 


This is 80 ft. diameter on the pitch circle and similar 
in construction to the prototype dome at Sheerwater. 
The ribs for the roof were erected, the scaffolding re- 
moved and the reservoir refilled in seven days. 

Fig. 25 shows the process of fixing the sheeting after 
the reservoir was again in commission. 


Tipperary Dome 
The construction is similar to that of the prototype, 
the roof (Fig. 26) covering an existing steel tank 55 ft. 
diameter. : 
Dome at Toronto 
Erected for the 1950 Fair, this is 83 ft. diameter, It 
was supported on twelve aluminium alloy stanchions 
of fancy lattice design and is the first dome to be assem- 
bled at ground level and hoisted into position. (Fig. 27.) 
This roof was later dismantled and re-erected at South- 
end. 
Dome at Dingle 
This is the first application of a Hamman dome to an 
oil tank and several new problems arose. The tank is 
78 ft. g in. diameter. 


+8 in. of water with a test pressure of +12 in. water. 
This meant that it had to function under tension. 
Secondly, the thrust ring, normally under tension, had 
to function under compression and its sey as a 
Jarge thin ring arose. . 


Fig. 35.—Eastbourne— 
Test on Plain’s length 
of main rib 


Fig. 36.—Eastbourne— 
Test on jointed length 


Firstly, the roof has to resist working pressures on 
tight roof. x 


“Thirdly, the sheeting had to be welded to obtain 


The tensile strength = the 16- “gauge sheeting 
ample to take the internal pressure. The minor proble 
of fastening the sheets down round the bene Ww: 
solved by using an acute- angle extrusion. 
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pressure is 


SEL 
p= a 
RS : % 
where # = unit external pressure . a 
R = radius of ring 


The thrust ring is made of two 4in. x 2 in. steel channel 
laced together with rin. diameter rods welded on. 


Fig. 37 pages plate 


Earlier experiments with rivets had eile to give a” 
gas-tight joint and some type of welding was, essential. 
The Argon-arc process had proved successful under 
workshop conditions but this dome required weldins 
over a large area in the open air and it was decided 
use Murex electric welding. Tests having shown that 


2 aes in oe 28. A length of faba with “ fins ”’ 
1eet welded on was tested as a strut and it was found 
t the strengthening effect of the addition of the 
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‘fins’ was greater than the reduction in strength due 
o welding. Fig. 29 shows the main ribs and thrust ring. 
Before the sheeting was finally fastened down round 
he edge the adjusting screws were tightened to give a 
sertain amount of pre-stressed tension to the thrust ring. 
- Although primarily the tensile stresses under internal 
‘pressure of S-in. of water are small and easy to calculate, 
‘theréetnust be local variations due to deviations in shape 

Mf the tank and inequalities in workmanship. It was 
ie to take a series of strain-gauge readings all round 
the edge of the tank to obtain some idea of what the 
‘maximum variation might be. Unfortunately, this 

could not be done and such strain-gauge readings as 
re taken were too local to be conclusive on this point. 


it 


_ Fig. a.—Rig for shear test 
Rod test pieces 
peti Section on A.A. 


This ae is believed to be the jifeees all-welded 
inium structure in the world, 


Small Domes in London 


- Two small domes 20 ft. and 30 ft. respectively in 
fiameter were constructed over steel tanks, the main 
nembers being If in. X, 1} im. Despite the fact that 
the main rib spacings were reduced to 3 ft. 9 in. and 
t. 3 in. respectively, the sheeting, owing to the strong 
curvature, was difficult to fix. When a third roof 25 ft. 
diameter was required it was found simpler to use a 

ta . a4 in. X 2} in. tube curved to 75 ft. radius, the 
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dome being similar in construction to the centre part of 
the dome in io 26. 


Dome at Eastbourne 
Built over an existing reservoir, this roof is 151 ft. 
10} in, diameter measured on the pitch circle. The 
thrust ring is of reinforced concrete. As mild steel rods 


0-080" 
(14 SWG) 


Fig. b.—Rig for shear test. Sheet test pieces 
Right—Section on B.B. 


were not available, small diameter wire rope was used 
for reinforcement. ; 
It was realised at the outset that hollow extrusions _ 
were only suitable for comparatively small spans and 
the main ribs in this roof are formed by riveting two 
‘“top-hat ’’ sections together (Fig. 30). As the two 


‘halves may be curved separately this presented no — 


problem. 

The main ribs are spaced basically at ro ft: centres © 
with secondary members dividing the surface into 5 ft. 
squares, Figs. 31 to 34 show details of the construction. 

Before commencing fabrication two test pieces were 
assembled, one a plain length of rib 10 ft. long which — 
crippled at a load of 44 tons, the other a jointed member 
which failed by crippling at 42 tons (Figs. 35 and 36). 
On pushing this second test beyond the failure point the 
rivets below the joint sheared. 

The roof was erected by first placing the iswer part of 
the north-south ribs in long lengths. The upper part 
of the east-west ribs were then placed over them in long © 
lengths. The.top parts of the’ north-south ribs and 
lower part of the east-west ribs were then cut to exact 


. 


Fig. c.—Compression test piece for compression 
rig see Fig. d : 


564" dia. 


r 


length and placed in short pieces between the long 
lengths already placed. Special filler pieces are added 
at the joints so that, in effect, each rib runs full section 
through each joint (Fig. 30). Variations in the top- 
hat section, which tended to be wider at the “ brim” 
than at the ‘‘ crown,” caused a small creep which had 
to be continuously adjusted and the method entailed a 
lot of site drilling and riveting but gave an interlocking 
joint. The sheeting was fastened by small Chobert 
rivets. ; 
It is clear that the wind effect on these domenas in - 
general very small although the authors do not know 
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of any trustworthy quantitative figures. The dome at 


Eastbourne, due to the special configuration of the — 
surrounding terrain, may be an exception. Situated — 


in a hollow scooped out under the brow of Beachy Head 
there may well be considerable discontinuity in the 
air-stream lines above the dome with appreciable uplift. 


Fig. (d).—Compression specimenzunder,test 


The total roof weighs only 23 tons or slightly less than 
3 Ib. per sq. ft., so the thrust ring was anchored down 
with long bolts let into the existing walls. 


Lined Roofs 


‘The Hamman arrangement of members makes it 
simple to fix a lining plate to their underside (Fig. 37). 
Alternatively, plywood or similar lining board could be 
held by fixing strips attached to the underside of the 
ribs. The space between the inner and outer skin may 
be filled with insulating material such as ‘‘ Solomite.”’ 


Relative Cost 


General cost figures are almost always misleading, if 
not actually biased. In roofing work steel may be still 
slightly cheaper in first cost, although there is a steady 
tendency to close the gap. Adding the cost of normal 
painting over the effective life of the average roof brings 
the cost level. In situations where there is an acid 
atmosphere, or where the painting entails shutting down 
important plant, aluminium is much cheaper than steel. 


Deterioration of Aluminium Alloys 


None of the structures which the authors have 
designed has stood long enough to show any signs of 
deterioration either from the elements or from any 
anodic action (real or imaginary). The structure in 
Fig. 38 has stood for more than five years over a row 


of purifier boxes. After 2} years’ service the alumini 
sheeting showed slight pitting to a maximum depth 
4.7 mils. Miran S 
Much has been written on this subject and m 
experiments have been performed but the only reall 
satisfactory way for any engineer to gain informatio 
is to-build an aluminium structure as soon as possibl 
and watch it carefully. Both the authors have alumir 
ium structures in use. . a 


Fire Hazards 


employed any considerable fire will cause 100 per cent. — 
loss. It is, therefore, neither better nor worse than any | 
reasonable alternative form of construction. Cases” 
where a fire is just sufficiently hot to cause loss of 
strength without serious distortion in aluminium frame- 
work could scarcely occur in practice. The fact that 
aluminium, when struck, cannot be made to spark is, im 

some circumstances, a point in its favour. 


APPENDIX A 
Shear, Bearing and Compression Tests 


testing rod and sheet specimens. From these double © 


The dimensions of the test specimen used for obtaining 
the proof stress in compression are shown in Fig. (c). A 


i 


specimen is shown mounted in a sub-press between the_ | 
platens of a testing machine in Fig. (d). The com-— 


R.A.E. optical extensometer 
mounted at a gauge length 
2 of 2" 
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Fig. e.—Bearing test piece—Alum. alloy bar 
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pressive strain is measured by the Martens mirror type 
instrument attached to the specimen. 
_A test piece used for bearing tests is shown in Fig. (e). 
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a General Description 

' The City of Singapore (City status conferred by 
Royal Charter on September 22nd, 1951) is famous as 
an entreport for the export of rubber and tin, Besides 
this, Communist territoristic activities on the mainland 
fave focused the attention of the world to this island 


tn recent years. The island is of hilly terrain and has © 


a number of streams running through the city ; conse- 
quently many bridges of various types and spans are 
hecessary to interlace the different parts for communi- 
cation and transport. The construction of some of 
these bridges is different from usual practice, and this 
description may be of interest. ; 
' The grades of spans assumed in these notes are as 
follows :—Spans from 10 ft. to 30 ft. considered as short 
span, 30 ft. to 50 ft. as medium span and above 50 ft. 
taken as long span bridges. 

' The use of reinforced concrete portal frame type 
lighway bridges of short span-is quite common, but 
spans above 30 ft. clear are rare, The increased dead 
load of this type of bridge longer than 30 ft. span does 


<< 


4 rades are invited to submit “ practice notes” of individual operations such as those described 
ie below, whose size and scope are not perhaps sufficient to justify a full-length article or paper, but which possess 
features of special or general interest to the Institution 


(edium Span Portal Frame Reinforced 
| Concrete Bridges in Singapore 


By T. Karmakar, M.I.Struct.E. 


Other advantages gained with this arrangement are — 
as follows :—The inward bend of the abutment slabs | 
in some cases conforms with the profile of the banks 
of the stream, which considerably reduces the amount 
of excavation. The lower bending moments at midspan 
permit a reduced thickness for the deck slab, hitherto 
not possible with other types of construction, thereby 
decreasing the gradient at the approaches without sacri- 
ficing the maximum depth of headroom between water- 
level and the soffit of the deck. Due to the absence of ribs 
in most cases formwork was simplified, and last but not 
least, its pleasing esthetic effect was a factor for its 
adoption. : 

On the above basis a few bridges were constructed by 
the then Municipality of Singapore (now City Council) 
between 1934 and 1939, and these are described in the 
following paragraphs. 


Foundations 


It is essential to have an unyielding rigid foundation 
to react against the considerable horizontal thrusts 
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not allow comparatively much reduction of bending 
moments at midspan. To overcome this disadvantage, 
a large amount of eccentricity in the abutment slab is 
introduced, which considerably increases the negative 
bending moments in the corner between deck slab and 
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developed at the points between superstructure and 
foundations. The strip footings under the abutment 


. slabs were connected by reinforced concrete ties at least 


three in number with large splays at the junctions of 
the footings to achieve additional rigidity. The probing 
of the ground by test borings was essential before 
determining the type of foundations required, Due to 


the poor eee capability of ihe sail antler review, pre-- 
cast reinforced concrete piles were used. In every case 
the abutment slabs were hinged above the footings. 
The channel on the footings on which the abutment 
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slabs stood was filled with hot mastic asphalt. (See 
Fig. ay 
Design Stresses 
The Ministry of Transport standard highway loading 
train was used for the live load. The allowable working 
stress for steel was 18,000 lb. per sq. in., and for concrete 
1,000 lb. per sq. in. Steel bars in shear at hinges were 
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Fig. 3.—Arab Street Bridge 
Clear Span 60 ft. 
Ribs and slab portal frame R.C. bridge 


taken as 5 tons per sq. in., neglecting resistance between 
the concrete surfaces. 


/ 


Procedure of Construction 


At Singapore a light shower is almost an everyday 
occurrence. The rainy season occurs twice a year, 
between June and August and between November and 
March with slight variations. The intensity of the 
latter is greater than the former. During this period 
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was within half-a-mile from the re site. 


A cofferdam with 14 in.-thick plank sheet pilit ng” 
enclosing three sides of the foundation with provision — 
for quick opening at the ends, in case of flood, was con=— 
structed before excavation for foundations commenced. _ : 
After driving the reinforced concrete piles (which in 


Fig. 4.—Newton Circus Bridge 
Clear span 40 ft. 
. All slab portal frame R.C. bridge 


wooden chute resting on wooden trestles was provided 
to carry the age weather flow of the stream. Do 


and. in some cases the horizontal ties were. cast a ni; 
with the footings. Before the chute was removed th 
formwork for the vertical abutment slabs was coi 
structed, providing 3 in. dia. weep holes in aS abutmen 
at the low tide level. 


_ The formwork of the deck slab was carried out with a 
construction camber of 14 in., which proved to be 
sufficient under full loads for a 40 ft. span. 

To retain earth on the sides of the approaches, wings 
“were constructed monolithically with the abutments 
'in some cases. The back of the abutments was filled 
| with puddle clay up to the level of the weep holes ; then 
\dry packed with granite rubbles 12 in. to 18 in. thick 
carried up to the foundation of the road. 
| A3in.-thick asphalt carpet was rolled on the carriage- 
“way as a wearing surface. For footpaths, 3 in.-thick 
“moveable reinforced concrete slabs were cast in situ 
_ with paper partitions to prevent adhesion to the concrete 
‘surface. Cross beams between the fascia and deck slab 
carried water and gas mains and electric cables under 
‘footpaths. (See Fig. 2.) 

__ Precast balusters were placed in the groove on the 
fascia with steel projecting crosswise on the top which, 
'with additional longitudinal bars, was concreted to 
'form the top rail of the parapet. Hollow massive 
_ pylons were provided in four corners for esthetic effect. 
The parapets, pylons and fascias were finished by 
_rubbing briquets made of granite dust and cement in 
' proportion of 1:1, with cement grout as lubricant, 
thereby producing a plaster-like finished surface. 

| The mix of concrete used was I : 2 : 4, with 3 in. to 
| 4in. slump. Crushed granite graded between 1} in. to 
_ in., and clean sharp coarse sand was measured by box, 


and the cement was measured by weight. Pneumatic 
i 


To the Editor of THE STRUCTURAL ENGINEER 


The Analysis of Multi-Bay Gabled Rigid Frames 
:: By Arthur Bolton, April, 1953 


: Sir—Although I respect the technical virtuosity of 


Mr. Bolton’s paper, I am not in sympathy with its’ 


-intention which, as I understand it, is to present an 
alternative method of designing particular types of 
statically indeterminate frameworks. 

_ It may be argued that there are already too many 
methods in use. I do not wish to pursue this argument. 
I am making the simpler proposition that now there 
are no advantages to be gained, either in accuracy, 
_ speed or understanding by departing from the principles 
of the classical method of evaluating the redundants 
along the lines proposed by Muller-Breslau, Ostenfeld 
and others. ~ 

_ J admit this has not always been so. In the past, 
hampered by illogical notation and laborious methods 
for solving the elasticity equations, engineers were not 
inclined to design frameworks in this way when there 
were more than three unknowns. 

To-day, by using a more rational notation, it has 
_ become apparent the elasticity equations can be operated 
upon with ease and elegance by using matrix algebra. 
This algebra has long been used as a very powerful tool 
by applied mathematicians and physicists in their 
work but it is only in recent years that structural 
engineers have realised its value. R. S. Jenkins in 
19471 showed that matrices not only simplify the 
analysis of the elasticity equations, but what is of the 
‘utmost consequence, they reveal the fundamental 
properties of the structural system. 
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vibrators and # in. dia. tamping rods were used during 
concreting. Out of every six batches of concrete four 
4 in. cubes were made for testing, which were cured 
under field conditions and crushed on the 28th day. 
The ultimate crushing strength reached in most cases 
was 4,000 lb. per sq. in. 


Photographs 
Fig. 3 shows the Arab Street Bridge with a clear span 
of 60 ft., situated in one of the busiest parts of the city. 
Fig. 4 shows the Newton Circus Bridge on the main 
arterial route with a clear 40 ft. span. 


Maintenance 

Most of the bridges constructed have successfully 
stood the rough usage of military vehicles, including 
heavy tanks, during the last war. The only parts that 
suffered damage were the footpaths. These, of course, 
were easily replaced during the rehabilitation, 

The bridges of this type have so far needed little or no 
repair, except periodical scrubbing of the parapets, 
pylons and fascias. The treatment is similar to the 
granite dust-cement briquets rub described above. 
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It has meant that consideration of statically indeter- 
minate frameworks can proceed symbolically up to the 
computation stage, thus eliminating the laborious 
preliminaries of, what I would term, the arithmetical 
methods. 


As a simple illustration of this method, which has 
aptly been entitled the influence coefficient method, let 
us consider the frame shown in Fig. 1 (a). The redun- 
dants in this case can be evaluated from the following 
simultaneous equations : 


U, + Xy 1. + Xe Gar + Xs B31 = O 
Uy, + X, 810 + Xe Bag + Xs Sse = e9) 
Us, + X1 213 + Xe Bog + X3 B33 == 0 
mimk Mpmi 
where gix = { as. anes iy == ds 
EI EI 


In matrix form equation (1) can be written : 
811 S12 $13 Xy = [Uy 
§21 §22 &23 X» Us 
&§31 §32 &33 Xs Us 
or GX = —U 


It will be noted that side sway is dealt with directly 
and does not require separate consideration as is usual 
in the arithmetical methods. 

All that is now left is to find the unknowns by solving 
the elasticity equations : 


GX = —U 


Now this equation, which is a positive definite sym- ; 


metrical matrix, can be solved in a number of ways. 
Fox in (?) has summarised this position mainly for 
mathematicians but in (+) is given a detail arrangement 
for computation. This method is extremely rapid and 


I can recommend.it to designing engineers who usually - 


have little time to spare. 


(a) THE FRAME 


(c) MOMENTS DUE TO 


To sum up, I contend the influence coefficient method 
has universal validity in the solution of statically 
indeterminate frameworks. It is a natural method 
which allows the problem to be visualised in the simplest 
possible terms. It clearly reveals the applied force- 
displacement relationship of the members comprising 


Economy in the Use of Structural Materials | 


By G. A. Gardner, O.B.E., M.I.Struct.E., R. Morton, B.Eng., M.I.C.E. and = 
L. R. Creasy, B.Sc., a 


In the report of the discussion on the above paper, 
which was published in the September issue of the 
Journal, the remarks made by Mr. C. V. Blumfield 
(Member) were wrongly attributed to Mr. E. H. Bloom- 
field (Associate-Member). 


Mr. Blumfield’s contribution to the discussion should 
read as follows :— 


“Mr. C. V. BLUMFIELD (Member), after commenting 
on the great interest of the subject and the valuable 
information that had been given, endorsed very heartily 
some of the points raised in the paper. 


“ First he commented on the general point concerning 
the length of time allowed for the preparation of the 
design and details. He felt that one of the most im- 
portant functions of the Institution of Structural 
Engineers should be to endeavour to get clients or 
architects into a frame of mind whereby they would 
give the unfortunate engineer time to prepare details 
before the job started instead of having to do that 
during the job, as so frequently happened. 


ee es 


THE REDUNDANTS 


‘It is therefore to be 
arithmetical methods, which tend to obscur 
obliterate, the manner in which the structure 
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“It was very interesting to observe the introduction 
of welded tubular steelwork into modern structural — 
methods, and he felt there was a tremendous future in 
that type of construction. It had many advantages, 
a major one of them being its flexibility in construction ; — 
by that he meant that it could be welded and con- | 
structed with comparatively small plant, without the — 
tremendous set-up of the usual steelwork fabricating 
shop. Apparently Mr. Bedford made the various 
parts of his structures on the site as the erection pro-— ; 
ceeded, which was a very interesting experiment, and Be 
the length of time required for fabrication appeared to 
be very much less than for conventional steelwork. 

“One was very interested to hear Mr. Bedford speak — 
of the beam/column connection. Mr. Blumfield said — 
he had been responsible for the design and construction 
of a building of rather the same nature in which the 
connection of the beam to the column was arranged to 
come on saddles, so that any slight discrepancy in. 
length of the beam could be taken up. Connecti 
were made with couplers of the type used in scaffolding, 
so that there was no difficulty in matching bolt holes 
and the erection was carried out very easily.” im 
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ence to Domes.”’ 


POSTPONEMENT OF MEETING 


Owing to unavoidable circumstances, it has been 
necessary to postpone the Ordinary Meeting which was 
to have been held on the 14th January, 1954. 


Thursday, January 28th, 1954 


Ordinary General Meeting, 5.55 p.m., followed by an 
Ordinary Meeting at 6 p.m., when Mr. E. J. Callard, 
M.A., M.I.Mech.E., will give a paper on “ Design and 
Construction of a Welded Portal Frame Warehouse 
Building Designed by the Plastic Method.” 


Thursday, February 25th, 1954 


Ordinary General Meeting, 5.55 p.m., followed by an 
Ordinary Meeting at 6 p.m., when Mr. R. A. Sefton 
Jenkins, B.Sc., -A.M.LC-E., -A\M.I Struct.E., A.C.G.1., 
will give a paper on “‘ Prestressed Steel Lattice Girders.”’ 

Members wishing to bring guests to the Ordinary 
Meetings announced above are requested to apply to 
the Secretary for tickets of admission. 


EXAMINATIONS, JULY, 1953 


OVERSEAS CENTRES 


The examinations were held overseas in July, 1953, 


at the following centres :— 

Accra, Auckland, Beirut, Bombay, Bulawayo, Cairo, 
Calcutta, Cape Town, Chittagong, Christchurch (N.Z.), 
Dar-es-Salaam, Dunedin, Durban, Germany (B.A.O.R.), 
Hong Kong, Johannesburg, Kampala (Uganda), Kings- 
ton (Jamaica), Kulala Lumpur, Lahore, Madras, Mom- 
basa, Nairobi, Nicosia (Cyprus), Port Elizabeth, Salis- 
bury (S. Rhodesia), Singapore, Toronto, Wellington 

N.Z.). 

: Twenty-four candidates took the Graduateship Exam- 
ination, and 86 took the Associate-Membership Exam- 
ination, atotalof11o. Ofthese, 15 passed the Graduate 
ship Examination, and 19 passed the Associate- 
Membership Examination. The names of the successful 
candidates are :— 


GRADUATESHIP EXAMINATION 


CHENG Hon Kwan. 
DESHPANDE, Vasant Balkrishna. 
Harris, Colin Frederick. 
HERRING, Bernard Carroll. 
KELLER, George Charles Chapman. 
Mitts, Gordon Ernest. 

Nassar, Joseph Jiries. 

Puau, Trevor George. 
RICHARDSON, Paul Herbert. 
RUTHERFORD, Michael William. 
S1nGH, S. Balbir. 

SNETHLAGE, Frederik. 
THISTLE, Sydney Alan. 
Tonner, Eric William. 

YEO Lim Hut. 


ASSOCIATE-MEMBERSHIP EXAMINATION 


BALACHANDRAN, Nelliat Koroth. 
BarsaraA, Rustom Jehangir. 
CHANDRAMOULI, Tunuguntla. 
CHOKHAVATIA, Ratilal Harilal. 

- CracG, Wilfred Shipham. 
FarrMAN, Charles Edward John. 


soe Mr. G. Dee 


- Louw, Timotheus. 


Hous: Brederick Samuel. ; = id Sa ly 
_Hupson, ‘Hilbert Leslie. = eiket i 


KaARANJIA, Minoo Rustamji. 


Maurouz, Georges Elias. 
Morey, Kenneth Outram. 
Morrow, James Robert. 
Morten, Peter. 

NicHoLs, John Russell. 
Pinto, Vitorino Antonio C. L. 
RatHop, Mahendra Valjibhai. 
WALKER, Eric Stuart. 

YuE SHUN-Kwonc. 


EXAMINATIONS—JANUARY, 1954 


The Examinations of the Institution will next be held 
at centres in the United Kingdom and Overseas on | 
January 5th and 6th (Graduateship), and Januray 7g 
and 8th, 1954 (Associate-Membership). 


PERSONAL 


A member of the Institution wishes to obtain, on ~ 
behalf of a Library, copies of past issues of the Tounalll 
prior to 1927. If any member has such copies for ~ 
disposal it would be appreciated if he would ka 
communicate with the Secretary. ss 


MACLACHLAN LECTURE COMPETITION 


The closing date for the receipt of entries for the - 
MacLachlan Lecture Competition is Wednesday, March ~ 
31st, 1954. The general conditions of the competitiga 
are as follows : 3 ‘ 


1. The Institution of Structural Pace shally 
institute a written lecture to be known as the MacLachlan § 
Lecture, and to be held annually. 

2. The subject of the Lecture may be on any aspect of 
Structural Engineering as long as in every second year —} 
the subject shall be confined to steel structures. ti 

3. Entrance into the Competition for the Lecture shall — 
be confined to Associate Members of the Institution, who 
are under the age of 32 years. 

4. All papers entered for the competition shall bea 
submitted to assessors to be appointed by the Council — 
of the Institution, and all such papers (including the | 
prize-winning Lecture) shall be available for publica 
in the Journal of the Institution at the discretion of the © 
Council. 3 

5. No paper submitted shall have been published or | 
read elsewhere. 3 

6. The winner of the competition shall be required to — 
present the Lecture to a meeting of the Institution at — 
which he will be presented with the sum of £17 ros. 

7. Should a competitor’s paper be considered worthy | 
of ranking second in merit he will receive a consolation | 
award of £5. 'z 

8. In the event of there being no winner of the compe-_ 
tition in any one or more years, whether because no ~ 
lecture submitted is considered to be of sufficient merit 
to warrant award, or for any other reason, the Institution — 
shall transfer the above sums to the Research Fund of 
the Institution. 


PARTICULARS OF THE COMPETITION FOR 1954 


1, The MacLachlan Lecture will be given at a mechn ia 
of the Institution to be arranged towards the end of 1954. 
2. The subject of the Lecture shall be on any aspect 
of structural engineering. . 
3. The work should be submitted as the script of a — 
lecture which the author, if peceeesuls in the conpelae 


‘one hour. The development of mathematical formulz 
and detailed calculations should be avoided as far as 
‘possible in the text ; if they are essential they should 
be embodied in appendices. Photographs, drawings, 
graphs, etc., which would appear as illustrations to the 
decture in published form, should accompany the script. 
‘If additional illustrations would be shown as slides, a 
list of these should be included. 

_ 4. Six copies of each Lecture should be submitted and 
should be addressed to the Secretary of the Institution. 
_ 5. The closing date for the receipt of entries by the 
‘Institution is Wednesday, March 31st, 1954. 


EXAMINATIONS 


PREPARATION FOR THE EXAMINATIONS OF THE INSTITU- 
- TION BY ATTENDANCE AT TECHNICAL COLLEGES 
A candidate for Graduateship or Associate-Membership 
_may be able to attend a technical college ; these notes 
are intended to guide him in choosing the most suitable 
_ instruction. 


_ PREPARATION FOR THE GRADUATESHIP EXAMINATION 


| Technical Colleges offer : 
' (a) Full-time courses for degrees of Higher National 
Diplomas in Building or Engineering. 
_ (b) Part-time day or evening courses for Higher 
_ National Certificates in Building or Engineering. 
'_ If he obtains a Higher National Certificate or Diploma 
_ complying with Appendix II, Section V, of the Regula- 
tions Governing Admission to Membership, the candidate 
~ will be exempted from the Graduateship Examination. 
Alternatively, he may study subjects selected from the 
_ available courses and sit the Graduateship Examination. 
_ At technical colleges courses are usually available in 
- Building Science or Engineering Science, Strength of 
Materials, Theory of Structures and Surveying, but 
- students are not normally allowed to select subjects from 
_ National Diploma or Certificate courses unless they can 
_ show evidence of sound training in more elementary 
_ studies. The advice of the College Authorities should 
be followed. 


PREPARATION FOR THE ASSOCIATE-MEMBERSHIP 
EXAMINATION 


_At some technical colleges there are part-time courses 
‘in Structural Engineering which cover the syllabus of the 
Associate-Membership Examination. At other colleges 
the candidate must rely on Higher National Certificate 
courses or on advanced courses in Building, Civil En- 

_ gineering or Municipal Engineering ; these cover only 
part of the requirements for the Associate-Membership 
Examination. 
Colleges in List ‘‘A”’ provide at least two years of 
instruction in Theory or Structures and in Structural 
Engineering Design and Drawing up to Associate- 
Membership standard. They also give instruction in 
Structural Specifications, Quantities and Estimates. 
ist? AT 
Belfast College of Technology. 
_ Birmingham College of Technology. 
Bolton Municipal Technical College. 
‘Bradford Technical College. 
_ Bridgend Technical College. 

Chesterfield College of Technology. 

Derby Technical College. 

Dudley and Staffordshire Technical College. 

Glasgow Royal Technical College. 

City of Liverpool College of Building. 

- _L.C.C. Brixton. School of Building, S.W.4. 


ver before an audience in the course of about 


L.C.C, Hammersmith School of Building and Arts and 
Crafts, W.x2. 
_ Manchester College of Technology. 
‘Middlesbrough, Constantine Technical College. 
Salford, Royal Technical College. 
por Essex Technical College, Walthamstow, 
a7 
Stockport College for Further Education. 
Twickenham Technical College. 
Willesden Technical College, N.W.1o. 


Colleges in List “ B”’ provide instruction in Theory of 
Structures from which the student may reach Associate- 
Membership standard, but instruction in Structural 
Engineering Design and Drawing and in Structural 
Specifications, Quantities and Estimates is not usually 
so complete. 


Rist «B 
Brighton Technical College. 
Cardiff Technical College. 
Edinburgh, Heriot-Watt College. 
Huddersfield Technical College. 
Leeds College of Technology. 
London, Battersea Polytechnic, S.W.11. 
London, Northampton Polytechnic, E.C.1. 
L.C.C. Westminster Technical College, S.W.zr. 
Plymouth and Devonport Technical College. 
Preston, Herris Institute. ; 
Wigan Mining and Technical College. 
Woolwich Polytechnic, S.E.18. 
Students are advised to take the organised courses in 
Structural Engineering where these are available, 


LONDON GRADUATES’ AND STUDENTS’ SECTION 


The following meetings will be held at 11, Upper 
Belgrave Street, London, S.W.1. 


Tuesday, December 8th, 1953 
Mr. S. Turner, on “‘ The Foundation to an 8,000,000 
cu. ft. Gas-holder.”” 6 p.m. 


Tuesday, January 12th, 1954 (Provisional) 
Mr. E. G. Robinson, A.M.1.Struct.E., on “ The Design 
of Chimneys.” 


Tuesday, February 16th, 1954 


Address by the President of the Institution. 
Hon. Secretary : J. F. S. Pryke, B.A.(Hons.), Bush- 
croft, Slipe Lane, Wormley, Herts. 


BRANCH NOTICES 
LANCASHIRE AND CHESHIRE BRANCH 


The following meetings have been arranged :— 


Tuesday, January 12th, 1954 

Joint Meeting with the Institute of Welding, Liver- 
pool and District Branch, when a paper on “ The Plastic 
Theory and its Application to Welded Structures,” will 
be given by a member of the staff of the British Con» 


 structional Steelwork Association, at the Liverpool 


College of Technology, at 7.15 p.m. 


Wednesday, January 27th, 1954 
Joint Meeting with the Institution of Civil Engineers, 
North-Western Association. Mr. Edgar Morton, M.Sc., 
on “ Site Exploration and Foundation Problems.” 


Thursday, February 11th, 1954: 
Dr. F. G. Thomas, B.Sc., M.I.C.E., M...Struct.E.; on 
‘“‘ Composite Action in Structures.”’ 


eee ee eee ee Oe etn N.C OS Ve ee ee 


All meetings, eles otherwise ated: wil be. held i in 2 


the Reynolds Hall, College of Technology, Manchester, 
at 6.30 p.m., preceded by tea at 5.45 p.m. 


Joint Hon. Secretaries: A.S. Sinclair, A.M.1.Struct.E., 


17, The Circuit, Cheadle Hulme, Cheshire. 
M. D. Woods, A.M.I.Struct.E., 58, Spring Gardens, 
Salford, 6. 


MIDLAND COUNTIES BRANCH 
The following meetings have been arranged :— 


Friday, January 22nd, 1954 
MissawW.-G: Carter. M3.H. 2 Bist Mal CAC 


A.M.I1.Struct.E., on “ True Economies. in Planning, 
Designing and Detailing of Structures.” 


Tuesday, February 9th, Bee 


Mr sic Sheptey, -B.Sc,,. AM.LG.ES “ Prestressed 
Concrete Framework for. Liverpool Uae Medical 
School,”’ at the Supper Room, The King’ s Hall, Queen 
sirect;, Derby; 27.0 p.ni. 


Friday, February 26th, 1954 

Mr. C. B. Brewington, B.Sc., A.M.1.C.E. (Graduate), 
and Mr. J. W. Fortey, A.C.T. (Birmingham), A.M.I. 
Structi\E., on “A Method of Structural Analysis by 
 Large- -Scale Models.” 

All meetings, except where otherwise stated, will be 
held in the James Watt Memorial Institute, Great 
Charles Street, Birmingham, at 6.0 p:m. 

Hon. Secretary : L. A.- Firminger, A.M.I.Struct.E., 
656, Chester Road, Erdington, Birmingham, 23. 


GRADUATES’ AND STUDENTS’ SECTION 
The following meetings have been arranged :— 
Friday, January 29th, 1954 


Mr. D. H. New, B.Sc., M.I.C.E., A.M.I.Mech.E. (Mem- 
ber of Council), on ‘‘ Some Practical Applications of Pre- 
stressed Concrete,’ at the James. Watt Memorial 
Institute, Great Charles Street, Birmingham, at 7 p.m. 

Hon. Secretary : H. L. Bramwell, 139, Wood Lane, 
Handsworth Wood, Birmingham, 20. 


NORTHERN COUNTIES BRANCH 
The following meetings have been arranged :— 


Tuesday, December ist, 1953 


At Middlesbrough, Mr. H. C. Husband, B.Eng., 
M.1.C.E., M.I.Mech.E., (Member of Council), and Mr. K. 
H.. Best, B.Eng.,. A.M.I.C.E., A.M.1.Struct.E., on 
“Reconstruction of a Soaking Pit Building.” 


Wednesday, December 2nd, 1953 
The above meeting will be repeated at Newcastle. 


" Wednesday, January 6th, 1954. 


Joint Meeting with the Northern Architectural Asso- 
ciation (at Newcastle). 


Wednesday, January 13th, 1954 


Joint Meeting with the Institution of Civil Engineers. 
Mr. A. P. Clark on “ Lackenby Works.” 


Tuesday, February 2nd, 1954 


Mr. A. J. Harris, B.Sc. (Eng.), A.M.I.C.E., on “‘ Pre- 
stressed Concrete in Civil Engineering Works ” (at 
_ Middlesbrough). 


Park, Belfast. 
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The above meeting will be repeated at Newcastle. 

_ All Meetings will commence at 6.30 p.m., the Middles- | 
brough Meetings being held at the Cleveland Scientific 
and Technical Institution, Corporation Road, and t 
Newcastle Meetings in the Neville Hall, near the Sone 
Station. 

Hon. Secretary: O. Lithgow, A.M.I.Struct.E., — 
Stoneleigh Avenue, Acklam, Middlesbrough. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged :— 


Tuesday, January x2th, 1954 
Details to be announced. 


Tuesday, February oth, 1954 

Annual Dinner and Social Function, at the Grand 
Central Hotel, Belfast, 6.0 p.m. Visit of the President 
and the Secretary of the Institution. . a 
Hon. Secretary: A. H. K. Roberts, B.A., B.A.L, 
M.I.Struct.E., M.I.C.E.I., ‘‘ Barbizon,’‘ 26, Dunlambert 


SCOTTISH BRANCH Re: 
The following meetings have been arranged :— Bie 3 
Thursday, December 3rd, 1953 


ace Elite Hotel, Windsor Street, Edinburgh, at 6 p. m. 4 
James Richey, M. Cig IAG; sSe+D a Ones Alkali 
Roane in Concrete.” 


Tuesday, December 15th, 1953 


At the Ca’doro Restaurant, Glasgow, 6 p.m. Details > 
will be circulated to members. : 


Monday, January 18th, 1954 = || 
At the Ca’doro Restaurant, Glasgow, 6.30 p.m. - 4 
Details to be announced. Visit of the President and the — 
Secretary of the Institution. A. |i 
Tuesday, January 19th, 1954 3 


Annual Dinner and Dance at Grosvenor Restaurant, © 


a 


tary of the Institution will be present. 


Tuesday, February gth, 1954 


At the Ca’doro Restaurant, Glasgow, 6 p. m. Details 3 
to be announced. Re 


Thursday, February 25th, 1954 
At the Elite Hotel, Edinburgh, 6 p.m. Mr. Hugh ia 
Sutherland, S.M. (Harvard), AMI.CE.; .F.GSija@ 
A.M.LStruct. E., on “Some Problems in Foundation® 4 
Engineering.” 33 
Hon. Secretary : G. Drysdale, A.M.I.Struct. E., 33) % 
Union Street, Motherwell, Lanarkshire. = 


SOUTH-WESTERN COUNTIES BRANCH 
The following meetings have been arranged :— 


Friday, December 11th, 1953 pee 


At Exeter, 7 p.m. Mr. H. J. Scoles, L.R.LB.A, 
M.I.Struct.E., on “ Gap Graded Concrete.” 


Friday, January 15th, 1954. ard 
At Newton Abbot, 7 p.m. Mr. J. C. Woodrow: 
(Graduate, Joint Hon. pecrotaty), on “The Tamar 
Bridge Proposal.” ; sare 


at Abbey Works, Margam.” 
Joint Hon. Secretaries : E. W. Howells, M.1.Struct.E., 
10-12, Market Street, Torquay, Devon. ' 

C. J. Woodrow, ‘‘Elstow,” Hartley Park Villas, 
Tavistock Road, Plymouth, Devon. 


” 


WALES AND MONMOUTHSHIRE BRANCH 


as i ie Bape: 


The following meetings have been arranged :— 


Tuesday, December 8th, 1953 


At Swansea. Meeting followed by films. 


ATCO 


Tuesday, January 26th, 1954 
4 At Cardiff.. Structural Quiz. 


te Wednesday, January 27th, 1954 
- At Swansea. Structural Quiz. 


‘ ‘Wednesday, February 17th, 1954 

At Swansea. Junior Members’ Evening. . 
| Meetings at Cardiff will be. held at the South Wales 
© Institute of Engineers, Park Place, at 6.30 p.m. 

E- Meetings at Swansea will be held at the Mackworth 
- Hotel at 6.30 p.m. 
eon, Secretary: G. KR. - Brueton, A.M.I.C.E., 
 A.M.1.Struct.E., 86, The Exchange, Mount Stuart 
_ Square, Cardiff. 


4 WESTERN COUNTIES BRANCH 


At the opening meeting of the Session, held at the 
- University of Bristol, on Friday, October 2nd, members 
_ had the pleasure of meeting the President of the Institu- 
~ tion, Lt.-Colonel R. F. Galbraith, M.C., and the Secre- 
tary, Major R. F. Maitland, O.B.E. The Chairman, 
’ Mr. E. N. Underwood, B.Sc., M.I.C.E., M.I.Struct.E., 
- gave the address on ‘“‘ Further Problems in Practice.” 
A vote of thanks to the Chairman was proposed by 

Mr. N. G. T. Ball, M.I.Struct.E., (Vice-Chairman). 

- After the meeting, the Chairman, together with 
~ members of the Branch, entertained the President and 
_ the Secretary at an informal dinner at the Royal Hotel, 


Bristol. 


The following meetings have been arranged — 


Friday, December 4th, 1953 
Combined Dance at the Royal Hotel, Bristol. 


Friday, January 8th, 1954 
DiecoA  f,. etlarris, —.B.Sc.(Eng,), A.M. LCE; on 
“Hangars at London Airport—Design of Large-span 
Prestressed Concrete Beams.” 


Friday, February 5th, 1954 
Mr. F. E. Collins, A.R.I.B.A., A.M.I.Struct.E., on 
- “ The Industrial Architect and Engineer.”’ 


Wednesday, February i7th, 1954 


‘Annual Dinner, at the Royal Hotel, Bristol. 

Unless otherwise stated, all meetings will be held in 
the University of Bristol Geology Lecture” Theatre, at 
6 p.m., preceded by tea at 5.30 p.m. 

Hon. Secretary: E. Hughes, A.M.I.Struct.E., 23, 

Southdown Road, Westbury-on-Trym, Bristol, 9. 
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YORKSHIRE BRANCH 
The following meetings have been arranged :— 


Wednesday, December 16th, 1953 


Mr. W.N. Espie, A.M.I.Struct.E., on ‘“ The Handling 
of Bulk Cement.”’ 


Wednesday, January 20th, 1954 


Mr. H. C. Husband, B.Eng., M.LC.E., M.I.Mech.E., 
(Member of Council), and Mr. K. H. Best, B.Eng,, 
A.M.I.C.E., A.M.1.Struct.E., on “ The Reconstruction of 
a Soaking Pit Building.” 


Wednesday, February 17th, 1954 


Mr. H. D. Morgan, M.Sc., M.I.C.E., on “‘ Driving and 
Testing of Piles.”’ : 

The above meetings will be held at the Great Northern 
Hotel, Leeds, at 6.30 p.m. 

Hon. Secretary: E. Wrigley, A.M.I.Struct.E., 17, 
The Drive, Alwoodley, Leeds. : 


. UNION OF SOUTH AFRICA BRANCH 


Branch Hon. Secretary : A. E. Tait, B.Sc., AMC Ba 
A.M.L.Struct.E., P.O. Box 3306, Johannesburg. During 
week-days Mr. Tait can be contacted in the City En- 
gineer’s Department, Town Hall, Johannesburg. "Phone: 
34-T1X1, Ext. 257. 

Natal Section Hon. Secretary: E. G. Bennett, 
A.M.1.Struct.E., c/o The Reinforcing Steel Co., Ltd., 
P.O. Box 49, Merebank, Durban. 

Cape Section, Hon. Secretary : R. Stubbs, M.I.Struct.E. 
The Reinforcing Steel Co., Ltd., P.O. Box 2692, Cape 
Town. 


ADDITIONS TO THE LIBRARY 


Acknowledgement is hereby made of the generous 
gift by Sir F. Arthur Whitaker, K.C.B., of the following 
volumes from the library of his brother, the late Mr. 
H. A. Whitaker, Past Chairman of the Lancashire and 
Cheshire Branch and of the Yorkshire Branch. 


AITKEN, A.C. Determination of Matrices, 5th Ed., 1948. 

ALLCOCK AND JONES. The Nomogram, 4th Ed., 1950. 

AMERIKIAN, A. Analysis of Rigid Frames, 1942. 

BELDEN, E. S. Building Superintendence for Steel 
Structures, 1917. 

Bieicu, F. R. Theorve und Berechnung der Eisernen 
Brucken, 1924. 

BieicH, F. R. Die Berechnung statisch unbestimmter 
Tragwerke nach der Methode des Viermomentensatzes, 
1918. 

pavie’ R. Geology in Relation to Civil Engineering 
(Glasgow Technical College, 1910). : 

BUREAU OF STANDARDS. Results of some Compression 
Tests of Structural Steel Angles (Technologic Paper 
No. 218). 

Cassie, W. Fisher. Structural Analysis : The Solution 
of Statically Indeterminate Structures, 1947. 

CHARNOCK, G. F. Graphic Statics, Vols. 1, II and III. 

CourAnNT, R. Differential and Integral Calculus, 2nd Ed., 
1940. 

Cres and MORGAN. 
Concrete, 1932. 
DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
Steel Structures Research Committee Reports, Nos. I, 

II and III. 

DunHaM, C. W. Theory and Practice of Reinforced 
Concrete, 2nd Edition, 1944. 

FABER, Oscar. Examples of Steel Design under the new 
Code of Practice, 1934. 


Continuous Frames of Reinforced 
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FOERSTER, Max. Repetitorium fur tn Hochbau, Vols. I, 
II and III. . 

GRANHOLM, H. On Composite Beams and Columns with 
particular reference to Nailed Timber Structures (In 
Swedish, with Summary in English), Chalmers Univ. 
Trans., 1949. 

GREGOR, A. Der Praktische E1isenhochbau, Vols. I, Il 
and III. 

GRINTER, L. E. Automatic Design of Continuous Frames 
in Steel and Reinforced Concrete, 1939. 

GRINTER, L. E. Design of Modern Steel Structures, 1941. 


GRINTER, L. E. Theory of Modern Steel Structures, 
Vols. I and II, 1936-7. 


Anon. Handbuch fur Eisenbetonbau, Vols. I, Il, III 
and VI. 
Haypen, A. G. The Rigid Frame Bridge, 1931. 
HAWwKEN, R. W. Column Analysis and Design (Univ. 
Queensland Proc., 1918). 
HAwkKEn, R. W. C olumn Design Curves and Correspona- 
_ ence (Inst. Eng. Australia, 1927). 
HAWKEN, R. W. Critical Planes and Curves of Rupture 
in Cohesive Material (Inst. Eng. Australia, 1928). 
Hoot and KiInNnE. Movable and Long-span Bridges, 
O23 sj 
Hoot and KINNE. Stresses in Framed Structures, 1923. 
Ince, E. L. Integration of Ordinary Differential Equa- 
tions, 1949. 
Iterson, F. K. Th. van. Plasticity in Engineering, 1947. 
Kioucek, C. V. Distribution of Deformation, 1949. 
KetcHum, M.S. Design of Highway Bridges, and Ed., 
1920. 
Leroi M. S. Design of Walls, Bins and Grain 
Elevators, 1919. 
KLEINLOGEL, A. Bewegungsfugen 1m Beton-und Eisen- 
betonbau, 2nd Ed., 1938. 
Kriso, K. Statik der Vierendeeltrager, 1922. 
LecaT, DuNN and Fatruurst. Design and Construction 
of Reinforced Concrete Bridges, 1948. 
LunpGREN, H. Cylindrical Shells, Vol. 1—Cylindrical 
Roofs, 1949. 
MANNING, G. P. Reinforced Concrete Arch Design, 1933. 
McCuttoucH, C. B. Economics of Highway Bridge 


Types, 1929. 
Book 


Introductory Soil Mechanics and Foundations, 
by George B. Sowers and George F. Sowers. (New York : 
McMillan. 1951.) 284 pp. 94in. x 6in. Price 22s. 

Amongst the abundant literature on Soil Mechanics 
it is refreshing to find a book which is not the “‘ mixture 
as before.” The authors of this work have set themselves 
out to deal with the subject primarily from the practical 
standpoint. The first page recounts a simple little 
story illustrating the fact that Soil Mechanics can help 
the practical engineer to avoid costly mistakes. The 
remainder of the book describes how this can be done. 

After dealing in the first three chapters with the 
nature, physical properties and geological aspects of 
soils, the authors proceed to describe the various en- 
gineering problems to which Soil Mechanics can be 
applied with advantage. 

Site exploration and testing are described in sufficient 
detail for those who are not specialists, and who do not 
want to become involved in higher mathematics. It is 
rightly assumed that the practical engineer will leave 
such matters to the specialist. 

The nature, properties and geology of soil are dealt 
with thoroughly and with such exceptional clarity that 
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Review a 


‘ngineer 


2 

Tenia: M. and Weenie R. a ie Mae 
matics : A Textbook for Classical and Engmicerings| =| 
Colleges, 1900. 

Anon. Niagara Falls suspension Bras ete. (John 
Weale, 1856.) 


Orzen, R. Der Massivbau (Stein-, Beton- und Bisen- : 


betonbau), 1926. . | 

PAASWELL, G. Retaining Walls—Thew Design. and 
Construction, 1920. 

PIpPARD and BAKER. Analysis of Engineering Struc-— 
tures, 2nd Ed., 1943. 

ParceL and MANEY. Elementary Treatise on al 
Indeterminate Stresses, 2nd Ed., 1936. 

RATHLING, G. Tabellen zur Berechnung Durchlaufender a 
Trager unabhangig von der Anzahl der Felder und dem | 
Verhaltnis der De ele 1931. 

RANKINE, W. J. M. A Manual of Civil Engineering, 
6th Ed., 1869. 

RUTHERFORD, D. E. Vector Methods applied to Differ- 
ential Geometry, Mechanics and Potential Theorie 
7th Ed., 1951. 
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they are worth a study by all ; be they students, practeaas | 
engineers or specialists. The same observations can ‘4 
be made about the chapters dealing with the application 
of Soil Mechanics. These not only describe how Soil 
Mechanics is applied but also provide the reader with _ 
most of the basic knowledge of civil engineering works 
which have any connection with the natural ground. | 


Particular mention should be made of Chapter 6, 
dealing with deep foundations and piling. The latter 
is a subject of which most writers on Soil Mechanics seem — 
to have fought shy in the past. Admittedly, the design — 
of piled foundations is still surrounded with a certain 
amount of uncertainty, but the authors have however é 
made a real effort at tackling the problem in a scientific _ 
and practical manner.. : 


The authors are to be congratulated not only on pack- — 
ing in an extraordinary amount of useful knowledge in < 
a comparatively small book, but also upon presenting — 5 
it in such a lucid and interesting manner. This book & 
should appeal alike to the student, the specialist and the E 
experienced engineer. 
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